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1. STANDARDISATION OF LACTATION PERIOD MILK RECORDS. 
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BY 
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Dairying j Bangalore^ 

(RrcoiviMl for publication on 12tb Marcli 1931.) 

(With 5 charts.) 

Foreword. 

Tlio aliovc article may be classed as the first serious study uii moderu lines of 
available statistic.s conoorninji; Indian dairy cattle. The investigations which en- 
abled the author to compile this article were made whilst he was a post-graduate 
student at the Imjierial Institute of Animal Husbandry and Dairying and tlui gieater 
part of his post-graduate study period at the Institute was taken up with this 
important researcli work. Mr. Lall Chand has carried oirt this work so thoroughly 
tliat it would be supcrtiuoiis to attem[)t to describe what he lias done in this fore- 
word. His figures and ih'duel ions speak for themselves and indicate the spirit of 
patient investigation and careful research so necessary in this class of research. 
[\Vm. Smi'iti, Imperial Dairy Expert,] 

Introduction. 

The jiroblems of Indian dairy catl^'. are highly complex and their solution 
bristles with difficulties. A statistical study of India shows that India has far too 
many (tattle to suc(;essfully maintain them either for the work needs of the country 
or for her food supply, and that there is a considerable economic loss owing to the 
indiscriminate vslaughter of cattle in cities. Besides, a comfuirison of the, Indian 
with foreign cattle as regards their efficiency to supply either of tlie. above mentioned 
n(;eds reveals the fact that the majority of Indian cattle, judged by European 
Btandards, are quite inefficient, and are only fit to be destroyed. This deplorable 
state of affairs is mainly due to the actual cattle-breeding conditions existing in 

( 63 ) 
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India, for a very large number of cattle here have been bred from the maimed , the 
undersized, the unfit and the starved parents, and are bound to be unfit and useless 
animals according to the basic law of breeding — ‘‘ Like begets like 

Though the cattle of India measured by European standards are not economi- 
cal or of first rate quality, they are without question the best tropical cattle in the 
world. Their power to withstand epizootic diseases and ability to stand a hot 
climate are factors of very great importance and value, and the best way of solving 
the Indian cattle problem is to improve them without sacrificing these qualities. To 
achieve this result it is necessary to establish and carefully maintain and breed herds 
of the best Indian breeds and eliminate from them by a process of selection and 
rejection all cattle below a certain fixed standard. This would gradually build up 
profitable herds of indigenous cattle and is the direction in which the large land- 
owners can best serve their country. 

The process of selection, however, is not as simple as it looks. Taking only one 
character, milk yield, for example, there are very great variations possible 
in it owing to the effect of environmental variations. For a proper selection it 
would bo necessary that the effect of these environmental variations on milk yield 
bo eliminated, or the milk yield records be first standardised to a definite (jommon 
basis. Whereas a good deal of statistical work has been done in other countries in 
this line and results of practical application to cattle-breeders have been obtained 
therefrom, no attempt has to the author’s best knowledge been made in this country 
so far to investigate liow the milk yield of the best Indian breeds is affected by 
these environmental variations. 

During the past 20 years a good deal of exact data regarding the milking capa- 
bilities of lumdreds of Indian dairy cows has been obtained on Military and other 
Government farms. With a view to study the problem suggested above, a 
statistical analysis of the vast amount of data available about Indian cattles 
from the-jo institutions offers to be a very fruitful line of research to a student 
interested in cattle-breeding. 

Within the last few years Hammond and Sanders [1923] from Penrith Milk Re- 
cording Society data and Sanders from Norfolk Milk Recording Society data [r.)27, 1 ; 
1927, 2 ; 1928, 1 ; 1928, 2], have conducted statistical studies of complete lactation 
milk records of English cows with the object of standardizing these for the four 
factors, season of year, service period, age, and dry period which mainly affect them. 
No al tempt was made to study the effect of variations in management, it being 
assumed that this would bo minimised for cows of the same herd. The eliminating 
corrections obtained by Sanders for Norfolk data [1928, 2] are given in Table I. 
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Table I. 

Standardising corrections. 


1 . ^onth of calving 
Standard — mean of all months 


2. Age, 

Standard — maturity 6th lactation 


Month of calving 

Correction % 

Age 


Ccrrcof ion % 

January ..... 

—0-9 

1st lactation .... 


f30-r» 

February .... 

2-8 

2nd . . - 


180 

ATarch ..... 

0-2 

3rd ...... 


93 

April ... 

2-2 

4th 


3 7 

May ..... 

+S-4 

5tl» „ . . . . 


0-7 

Juno ..... 

70 

(>th 



•Inly 

r,o 

7th „ . . . . 


1 1-4 

August , , . . , 

30 

8th . 


4-8 

Soptenibor .... 

0*5 

9th „ * . 


10-4 

Octolier . , , . , 

—4-7 

10th „ . . . . 


18-5 

November .... 

2*6 

11th „ . . . . 


29-4 

December . , • . 

3-8 

12th „ . . . . 


43*7 

3. Ixiugth of scrvi <!0 period 

4, Length of dry period. 

Standard — »S. P.= 85 days 

Stamlard — 1). P. « 40 days 

Oorroctions 

Corrections 

S. P. in days 1st cal vers 

i Others 

D. P. in days 2nd cal vers 

i 

1 Others 


0—19 

-(•2S-2 

-( 23-9 

0-9 1 

-I-2.T1 

-|■I4■0 

20—39 

181 

21-3 

10—19 ' 

15-2 

S’8 

40—59 

10-6 

1P9 

20—29 ; 

SO 

4-7 

JIO -79 

4*2 

4*6 

30 -39 1 

2-8 

1*5 

SO 99 

— 11 

—II 

40 - 19 ! 

—13 

— J-2 

100 - \ 19 

5*5 

5-9 

50-5*0 1 

4-4 

33 

120 -J39 

9*2 

9-7 

00 09 i 

(i-4 

5(1 

140—1.59 

12-4 

12-9 

70 79 

8-8 

0 5 

100 -179 

1 5-2 

15-5 

SO S9 i 

10*4 

7 0 

180-199 

170 

17-8 

90 - 99 

11*7 

S*(i 

200—219 

19*7 

19*7 

l(K> 110 1 

12-7 

9-4 

220 -239 

21-5 

21-4 

110—119 i 

13 5 

KM 

240—259 

23 1 

22*8 

120 and Over 

11-8 

ll'7 

260—279 

24-5 

241 

j 



280—299 

25-8 

251 

1 



380 -399 

.30-5 

28*8 




4S0— 499 

333 

30-8 





A similar study of Indian milk records was, therefore, undertakcui exactly on 


Sanders’ lines, with the object of seeing how the elimination factors dctermiiKjd 
from them differed from those of Sanders, and how India!i cows compared with 
foreign cows in their milking capabilities. The results of this study for the first 
three factors are given in pages to follow. 
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Material and methods. 

On all the Gove-rnmcnt dairy farms in India, two classes of animals have been 
maintained, pure Indian and cross-breds. t)f the pure Indian stock, the best and 
nu)st W(‘I1 managed herds and which consequently give the most reliable data for 
such a st udy as this are the pure-bred Sahiwal herds at the Military Da’ry Farms, 
Lahore and Ferozepur, and at the Imperial Institute of Agricultural Research, Pusa. 
Hence for the study of Indian cattle the milk records of the animals from these 
herds only have been utilized. 

But })y far tlui grc'.atest numlHir of animals bred and kept on these farms is of 
eross-bretls. The milk records of the Military Dairy Farms’ oross-bre<is. however, 
suffer from a very serious defect, for most of these animals go on moving from place 
to place along with troops, and consequently the milk-records ])roduced by them 
are affected by another very potent factor hard to allow for, Lc., change of locality 
and therefore cdimate, etc. None of these is therefore used in studying the effect of 
variation of these factors. The records of the Pusa cross-bred animals (1/2 
Ayrshire-Sahiwal) which are free from this defect have been separately used in 
studying the effect of age on lactation milk yield in that breed. 

Only normal lactation milk records were utilized, all lactations being considered 
abnormal and therefore excluded in whicli : - 

(1) the cow failed to conceive again, and therefore in which S. P. could not 

be found ; 

(2) the calf was allowed to suck the cow ; 

(3) there was any serious illness ; 

and 

(4) the cow aborted. 

I4!)b complete lactation milk rc(,t)rds from pure bred Sahiwals and 348 from 
cross breds were, obtained and have been utilized for this study. Sim'c Sanders’ 
work has shown that the (dfcijt of the season of the year varies from district to 
district, along with variations in herd management, only Lahore jui'l Ferozepore 
records 1274 in numluir -were used for this factor. It is much regnitt(‘d that; due 
to the paucity and im^omplet'cness of data in sevt'.ral respects the study of this 
fa(d.or could not be. very exhaustive. Though the results obtained may not be (|uit(* 
conclusive, yet it- may i^e said that a presumption has been laid that no sucJi effect 
of the season of t he year on milk yield seems to exist in our data as reported by 
Sanders. For the study of other factors all the 1496 records have been used. The 
terms season of the year, service period, age, and dry period have the same 
meaning as implied in Sanders’ work. 
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Ordinary statistical methods as are necessary for the quantitative study of any 
variable like milk yield have been use<l. To gauge the significance of a difference 
probabl(‘. error rather than tlie stjuulard error lias been used, a difference of less 
than four times tlie probable error being taken in general as liaving aristui from 
fluctuations of random sampling. This gives suflunently high odds -ITJ : l-^ 
against such a dillerence liaving arisen due to Huctuations of raniiom sampling. 


Discussion ok Results. 

PreHmiMfjj co ns ide ration,'^. Since the problem being studied is that of 
multiple (iorrelation, it is but necessary to first study the distributions of different 
factors and the interrelations so tliat firstly the best method of attack of the 
problem may be selected and secondly due allowance, may be made for any rela- 
tions that exist. 

Distributions, The distribution of the 127 1 Rerozepur lactations acjcording to 
the month of (ialving is givmi in Table II. 


Tahle T1. 


Month of calving 


January 
February 
MariJi 
April 
May . 

J une 
.luly . 
August 
Soptcjubcr 
( )(!tob«‘r 
Novtoiiher 


Total 


No. of Cl»W8 

Per eeut. of eowa 

calving 

^ calving 

m 

10-44 

nry 

lJ-7‘1 

W4 

lOUl 

115 

11 ss 

129 

10-13 

(i:i 

4-94 

07 

5-2(> 

50 

4-39 

42 

3-30 

(i7 

5-20 

79 

0-20 

114 

8-95 

1,274 

100-00 


Tlic figures are quite dear and require little comment. Tins percentage of 
calving for ditTerent month.s goes on incmasing quite regularly from October, iti 
wbich month only 5*26 per cent, of the total calved, to iVlarch, calving 1.6*01 per 
cent, of total. From this tliere is a steaily decline till September— calving .‘{*:{0 per 
cent., the lowest for the year. This means that in these herds the largest number 
of cows calve in spring and smallest in autumn mouths. 
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Figure 1 shows tlie frequency curve for the distribution of S. P. The mean 
S. P. for those 1496 lactations is 123*8^ 1*7 days median 91*78 days and the mode 
lies at about 70 days. The standard deviation is 100*66 ^ 1*2 days. Taking an 
average gestation jx^riod of 280 days it will mean tliat the average cow in tlic3(5 
herds calves at an interval of 403*8 days or nearly every 13.V months, as against 
11 days less than a year for Sanders' [1927, IJ Norfolk data and 15i days over a 
year for the Penrith data [1923]. 

Table III gives tlie distribution of these records according to age as measured 
in lactations. 

Table III. 


Laotat.ion No. 

-■ - 


Our data 

1 

20'8G 

2 

21 10 

3 

18*32 

4 

14*14 

5 

9-49 1 

(> 

(M5 1 

7 

4*21 ! 

8 

2*67 1 

9 

1-55 1 

10 

0-73 1 

11 

0*33 ! 

12 

006 1 

OKlor 

1 1 


Totals . 100 00 


Ferrentage of total included 


Penrith 

Norfolk 

34'3 

23*5 

28*5 

20*9 

181 

17*0 

10*3 

130 

6*1 

90 

1*9 

1 0*1 

0*9 

i 4*2 

0-7 

; 2-3 

016 

1-2 

. . 

OTi 

005 

01 

, . 

01 


0-1 

i 


lOOW j lOO-OO 


It will be seen that in both our as well as Sanders’ data the young cows are 
much more numerous than the older ones. This is because good many c(jws are 
kept in their early ages but are culled out later on due to poor production, only good 
milkers —comparatively fewer in number — being maintained till older ages. The 
average life of cows of our data is 3*37 lactations against Sanders 2*37 lactations 
for Penrith and 3*27 lactations for Norfolk data. 

Of the 1496 milk records included in this study, the huigth of the preceding dry 
period is known only in the case of 1178 lactations, the distribution of which is 
given in the form of a frequency curve in Figure 2. 
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The mean length of preceding D. P. for these 1178 lactations is 110-74 183 

days, the standard deviation being 03*20^- 1*30 days. This mean is, however, 
much higher than Sanders* mean for mongrels (lUiT observations) whieli is only 
51*3 0*00), sl^i)wing thereby tlie uneconomic nalure of our Indian cows due to 

comparatively a greater part of their lives being useless. 

futerreldfioHs. The variation of S. P. and D. P. with the season of y(*ar, i.e., 
month in whicli a co\v calves is shown in Table IV. 


Taule IV. 

Showing variation of S. P, and D, P. imlh month of calving. 


Month of calving 


January 
February 
Maiv,li 
April 
May . 

•I lino 
J uly 
August 
iSeptoniber 
Goto 1)6 r 
Novenibt^r 
1 >eceiub»T 


Mean of 12 mouths 


Mean S. 

P. 

Moan 1). 

P. 

101*84 1- 

1*69 

117*76 1 

6*87 

114*42 1 

6*02 

112*62 1 

6*42 

103*72 1 

3*63 

110*66 1 

3*60 

n 1 98 1 

6 98 

113*88 1 

6*20 

126*0 1 

6*11 

107*97 1 

6*19 

130*18 1 

8-80 

126*60 1 

9*30 

139*64 1 

11*93 

136*11 1 

1 1 06 

1*30*22 1 

8*94 

122*90 1 

9*97 

139*02 1 

14*46 

121*34 1 

10*62 

121*44 1 

6*86 

125*36 1 

10*43 

146*20 1 

10*17 

113*89 r 

6*60 

121*96 r 

7*20 

I 0 r )*66 1 

6*14 

124* 

68 

1 16*98 


Tlie variation of both S. P. and 1). P. with the month of calving thongli slight 
is (piite significant. The S. P. is high for the montlis May to Sc^ptcnnlxu- nntan 
being 132*24 1“ 4-21 days, low for tlie montlis - January to April 108*02 ^2*30 
days, and about avcrag<^ for the other 3 months. The diffennict; of 23*02 7^4*84 
days between the mean S. Ps. of months with low 8. P. and high 8. P. is (piite 
significant, it lieing 4*88 times its P. K. Th(‘se results about the seasonal variation 
of 8. P. are (pillu in accord with tliosti of 8anders who too found t he 8. to l>e 
sub-normal for cows calving between hVbrnary and June, and al)(jv(* tin*, normal for 
the remaining months, altliongh this variation is rnneh more [ironoiince.d in our 
data than in liis. Tlie seasonal variation of 8. P. has luum inter])ret(‘d by him as 
physiologiciil in the light (jf reseandies of Hammond |I1)27| regarding the (dbicJ- 
of the season of tlie year on the inbnisity and duration of o(‘..st rum. 
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The D. P. is al)ove the normal for the months June to October--126*81^ 4*68 
and below the normal for the remaining months — mean 111*59 ^ 2*02. The 
diiTerenee of 15*22 ^ 5*09 l)etween these two means, however, is not significant as 
it is only 2*99 times P. 10. But since the figures for the variatien of D. P. with 
calving months are very smooth running, more reliance might be plac’.ed on the 
differences between these monthly means than is indicated by their probable errors. 
It will be noticed that this S(iasonal variation of D. P. coincides with that of S. P. 
and since cows with l(3ng 8. P. tend to have longer D. P. before they calve again 
than those with short 8. P., the longer D. P. for the cows calving in June to 
Octobtir may j)artly be due to their longer S. P. This seasonal variation of D. P. 
is (lifl'erent to tliat in Sanders' data in which the mean D. Ps. are lower than the 
normal for the months July to October. 

Table V sliows the distribution of the milk records included in different calving 
months according to the ages at which these records were made. 

Table V. 


Relation of month of cahing and age % in lactations, 
% Distribution in different ages of total. 


C/alving 

month 

Ist lac- 
tation 

2nd 1 3rd 

1 ! 

4th 

5th 

Oih 

7th 

8 th 

, 

nth 

10th 

1 

llllh 

I2th 

Total. 

Juniiary 

. 

33-OS 

22-50 i 10-52 

14-29 

8-27 

001 

1-60 

2-20 

1*50’ .. 

•• 


9‘)*99 

Fobruarv 


21-71 

20-(' ! 17-14 

13-14 

9-72 

7-43 

6-72 

2-80 

. , 

1-41 

1-67 

0*67 

100-00 

March 

. 

14-70 

19-12 ' 23*53 

12-75 

10-29 

5-88 

4-41 

3-92 

1-41 0-49 049 


99*99 

April . 


21-38 

22-70 i 17-93 

1241 

12-41 

4-14 

4-83 

3-45 


0-09 



loo-oo 

May . 


23-25 

22-48 ill-03 

15-50 

10-98 

8*52 

3-88 

1-55 

2-23 


0-78 


100-00 

Juno . 


1 28.57 

14-29 1 22-22 

7-93 

7-93 

7-93 

1-59 

1-77 

1-59 3-18 



100-00 

9 lily . 


17-Ul 

19-40 ' 19-40 

; 14-92 

r>-97 

10-45 

5-98 

1 49 

1*99 

1-49 

. . 


100-00 

August 


8-ii3 

17-80 i 10-07 

j 14-29 

12-50 

715 

8-93 

10-72 

. , 

1-78 

1-78 


100-00 

September 


11 -DO 

21-43 14-29 

1 28-57 

4-70 

9-62 

1-38 

. , 

l-3« 1-3- 

1-38 


99-99 

October 


12-12 

10-07 i 24-24 

1 19-70 

9-09 

0-00 

9-09 

1-51 

1-61 

. , 



99-99 

November 


13-92 

18-99 I 22-78 j 

! 21-52 

8-80 

0-33 

3-80 

2-53 


1-20 


• ■ ! 

99-9‘) 

l>ecerab(?r 


18-2G 

17*39 j 1913 ' 

14-78 

n-oi 

435 

5-22 

3*48 

3*48 0-87 

*' .1 

• • 1 

J 

100*00 

Average 

• 

19-94 

19-80 jl8-|3 

l4-7(» 

9-89 

0 69 

4-03 

3-14 

1-81 

0*87 

0 39j 0 08 

99*99 


The percentage distribution of cows of different ages in different calving 
months is far from uniform ; c.//., 1st culvers constitute 33*08 per cent, of the 
total of January ccJvcrs, whereas in the months of April and September they 
constitute only 21*38 and 11*99 per cent, respectively. This goes to show that 
there exists in our data a relation between the age of cow and the month of 
calving. 

The correlation coeflicients as derived from the correlation surfaces drawn 
separately for the variable age and S. P. and age and D. P. were —*007 ^ '017 and 
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+ *0688 T *0106 respectively. Neither of these two correlation coefiicienis is quite 
significant according to our arbitrary standard of 4 times the P. E.. for the Ist 
value is only 3*94 times and the 2nd 3*51 times its probable error. Put a care- 
ful study of the rfiean S. Ps. and D. Ps. for different ages revealed that iliese 
relations though not quite significantly high arc quite true. The mean S. Ps. 
decrease quite regularly in our data, the means being 136*08 ^ 3*00 diiys for 
312 lactations of the 1st calf heifers, 120-18 ^ 4*11 days for 317 records of llie 2nd. 
121*18 ^ 4*03 for the 274 records of the 3rd lactation, 117*04 -p 3*28 for Ihe 450 
records for the 4th, Hth, and 6th lactations, and 108*78 T 5*38 for ihe 137 
records for ihe 7th, 8th, 0th and 10th lactations. This regular decreasci in R. P. 
is perhaps due to the effect of selection, only selected animals being maintained 
in older ages. 

The D. P. means for different ages, however, tended to increase slightly with 
increase of age explaining thereby the reason for the positive value of r, c.//., the 
mean D. P. preceding the 316 records of 2nd calvers was 1(^7*2, for the 274 rccoids 
of 3rd calvers was 117*03 and for the 215 records of the 4th lactation was 127*47, 
there being a similar increase with increase in age. 

No relation seemed to exist in this data between the S. P. and D. P. j)](Tr(!. 
ing* The value of the correlation coefficient for these two variables was -| *0763 ^ 
•0105 or 3*01 times the P. E., which is not quite significant nccoiding to oiir 
standard. Moreover since tlirse tvo lariables did not seem to increase or doc-rease 
in any regular way, this low and i at her iiisigiiifcant value of r has been inteijiretcd 
as having arisen due to errors of sirn])Ie sampling. 

The foregoing discussion reg aiding tlie interrelations of the 4 factors, sc'asoii 
of the year, S. P., age and D. P. being studied here, leads us tliciefore to the 
following conclusions: — 

(1) There exist relations in our data between the month of calving and age, 

S. P. and D. P. ; 

(2) Tlie S. P. decreases slightly with advanced age ; 

(3) The D. P. increases slightly with advanced age ; 

and 

(4) There is no relation apparent between the S. P. and 1). P. pu'ceding. 

Procedure employed durtno the study. 

As has l een mentioned before, the problem being studied is that of rnullif)Ie 
correlation, hence the partial correlation method would be ideal provided the re- 
gressions permit its use on the basis of linearity. But as shall be sliowu Iat('r, siuh 
a complete analysis of all the factors being studied at one time is not possihh; 
si^nce the regressions are decidedly non-linear. Consequently the method employed 
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has been the same as employed by Sanders, i.e., study a factor first, get its elimina- 
tion factors, apply them to the data and then study the next factor. 

Season of tlie y(*ar was studied first, the idea bein^ to see the extent of milk 
yield variation as caused by it, in order to decide if the data from tlie two different 
herds Pusa and Military Dairy Karins could be ct)mbined into one for the study 
of other fae.ttus witliout serious loss of accuracy. It was observed that no definite 
seas(inal variation in milk yield existed in our data, the variation for different 
calving months being quite erratic, Tleiice after its studj^^ the data from the two 
sources was all put together and studied for other factors. Since S. P. has been 
found to be least affected by interrelations of factors, the only relation noticed 
being a slight decrease in its value with advanced age, which in the author’s 
opinion is not very serious, it was studied first, and the correction factors worked 
out for it. These were then applied to the data which was next used for tlie study 
of the variations of milk yield with age. 

VaHIATION OF I.ACTATION MILK YIELD AS AFFECTED BY: A. SEASON OK THE 

YEAR. 

From a table drawn to show the variation of the total lactation milk yield 
with the month in wliicli a cow calv<‘s for the 1271 Military Dairy Farms ’ 
records, tlie stat ist.ical constants given in Table VI were worked out. 

Table VI. 


Variafion of milk yield with season of year. 


Month of calving 

Mean milk yield 

Standard deviation 

Oo-efficient of varia- 

. 

- 

— 

tiou 

January . 

:i85rr 7r» iba. 

1281 F fi3 lbs. 

33‘28 ri*52 per cent. 

Fcbruarv . 

422:iT 70 „ 

1384 r GO „ 

.32*77 1 1 *,30 „ 

March 

4124 1 79 „ 

1677 i 5G „ 

4007 11-56 

April • 

:i8os I 9:{ 

1169 1 - 66 „ 

43-84 1204 

May .... 

4125 r 9S „ 

16G4 1 69 „ 

40-111 1-94 „ 

•lime 

4e4#5 1143 „ 

1684T10I „ 

30-24 12-44 

July . . • . 

4204 ri:l7 „ 

1659 r 97 „ 

38-91 1-2-5S 

Aiiguat 

1 4017 1 1.5! „ 

1679 1 107 „ 

41-81 73*09 

September, 

4211 

2089 1161 ,, 

1957 1 1-45 

October , , 

4:101 { i:u ,. 

15937 9,3 „ 

3/-0H 2-43 

November , 

47SI 1140 „ 

1928 1103 

40-33 1-2 49 

Decern l)tr. , . , 

4087 11 JO „ 

1746 1 - 78 „ 

42-e9 [ 2-23 ». 

Mean of 12 mouths 

4204 

1587 

39-77 


The mean milk yield for the different calving months varies between 3,800 
and 1.800 lbs. with an average of 4,201 lbs. for all the 12 months, and the standard 
deviation lies in tlie neighbourhood of 1600 tiiough it is rather exceptionally high 
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for the months Soptcnihcr and Novcmhor, when it well nigh reaches 2,000 lbs. 
The eo-efheients of variaiion which vary from 32 to 50 per cent, with an average 
of about 40 per cent, are ratlier high when eom})ared witli those for other 
biologieal (iata as^ given by dowen [ l!)24 ] where tlie highest reported is only 
38*2 j)er cent, alfliough tlie majority of them fluctuate between 3 and 25 per cent. 

Table VI. I gives what might be called the effect of the season of the year on 
lactation milk yiehl in our data, as compared with the same as obtained by other 
workers, for it gives tlie differences of the means of different calving months from 
the mean milk yield of 12 months. 

Tauik Vli. 

Kffvi-f of tli(‘ Sruson of year oo milk yield. Difjereaees in mean milk yield from mean 

of 12 months. 


Month of ciilvinu 


For present data 

iSandera’ | 1923 ] 
IVmrith 

Sandora’ ( 1927 | 
Norfolk 
(urKtorretJed) 

Sanders’ 11923) 
N. Somerset, 

.lanuary . 


- 353 

i 163 

4-196 

1 562 

Frbruars 


-1- 19 

—162 

1 333 

1 331 

March 


— 80 

—192 

•} 68 

1-169 

April 


— 39d 

—326 

I lOS 

-1-13 

May 


— 79 

— 3G9 

236 

1-87 

.limo 


1-442 

—1010 

—496 

—377 

July 


1- ()0 

—642 

—318 

259 

August 


187 

—473 

i - :m 

503 

(Sept ember 


f 10 

1 .544 

--21S 

280 

October . 


1 97 

1 1331 

; 1 311 

1 215 

November 


1 677 1 

1 74.-1 

! 1 226 1 

1 88 

rccembcr 


- 1 1 7 

1 450 ' 

' 1 190 1 

1 3S7 


\ c.omparisnii of our ligures with <dhers at once shows that this variation in our 
data, is <piite erratic, e.y.. in between the months l)e(', ember to May^ with subnormal 
yield, tliere is the? month of February which has a mean slightly above the normal, 
and in the mont hs tiuly to November giving a higher mean tiian the. mean of 12 
months is August whose yield is sub-normal. Furthermore, it, will la* seeji that our 
figures lack smootliness which is so ve.y charactrri.stie, of the ligures given for 
other workers, for the ])(*aks reached in our data during the t wo seasons are <juit(', 
sudden, whereas had these, figures lieen really influenced by tin*, influence, of the 
season of the year the variation ouglit to have been <juite, continuous and gra<lual. 

These conclusions about the abrupt variations of milk yic*lds for diffcnuit 
calving months are further supported by Table VI IJ, wliic^h givers the dilferences 
b(*,tw'een the mean yields for different calving months together witli the probable 
errors of these differences. 



Table VIII. 

• ijtcot €€ of the di^'eref ces heiueer' the mohthly means. 
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November. 
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Since with the same means the same figure.^ th )Ugh with opposite sign would 
be obtained in the lower left half portion of Table VIII as arc given in its upper 
right half, these are omitted. It will be seen that the only significant diiTcrenccs — 
differences at least four times their P. E’s, and which arc printed in bold type — 
are between the means of the 2 months June and November and those of the 
remaining months, all other differences except a few stray ones scattered here 
and there being quite insignificant. 

Again a comparison of the mean milk yields for different calving months with 
their corresponding inotan S. P. and D. P. shows that the mean total and botli S. P. 
and D. P. of cows calving in each monili show a marked resenil)l;uicc, c.//., both 
the D. P. and S. P. arc b(‘low tlie average for tlie montlis Deeeinber to May — 
months with lower mean yields — and above the normal for oilier months months 
with higher mean yields ; and since the effect of the season of the year 
is only very sliglit on milk yield as compared with the same for S. I\ and 
1). P., in the author's opinion, majority of these seasonal variations of milk yield 
in this data would bo cancelled when the due allowance is made for the s('asonal 
variation of S. P. and D. P. The only variations that miglit sl<ill remain, though 
these too will be very much reduced, will be for the months June and November — 
months with exceptionally high yields for no apparent reason.. 

The consideration of all this has led the author to believe that there docs nob 
(jxist in thi.s data any very great olftct of tiie season of the year on the Jacitation 
milk yield, and that any (liffcreiujos that do exist between the means of diircrciit 
calving months and the average of 12 months, are perliaps merely due to the 
fact that the cows of different grades of production arc not ecpially distributed in 
difl’eTerit calving months, i.c., cows calving in months from June to November liave 
a larg(*.r proportion of high producers amongst tliein tiuin those calving in the 
inont lis i^eeeinber to May — a claim to dis|)r()ve wJiicIi wc iiavc unfortunately no 
data at liand for it can best be seen by the study of the drop curveis for different 
calving mouths, though tliere is some presumptive evidence in its favour. 

The work of Sanders [lf)27,l] lias proved c^orudusively that tlie seasonal 
variation in milk yield, which is the result of the variations of t he* inoiiMily dro]> of 
milk yield persistency factor of lactation curve*, from monili to inoutli is 
“nutritional ratlier than meteorological” and is an inverse index of tin; lie, rd 
management, c.</., he has shown from Norfolk data the <;tT(*ct of young grass in 
spring in putting up the yield — spring fiiish due to the very succulent nature of 
grass and its high nutritive value — , which is followed by a decline as the grass 
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gets older and tluireforo (Ictcrionites in its nutritive value; furthermore that this 
seasonal variation is much more pronounced in Penritli than in Norfolk because of 
the feeding of roots and other succulent foods to Norfolk cows as (compared with 
Penrith ones during the liot months when pastures parcli and dry and therefore 
there is scarcity of succuhnit IVhhI and whatever grass there is, it is very fibrous 
and low in nutritivci value. 

A consideration of th(j above results as r<*ported by Sanders together with a 
stutly of the actual (^onditifuis under which the animals of our data lia\ e made their 
records further sup[)orts the claim that these <Iin*cr<‘nces in milk yield means for 
different calving months cannot be very significant, for tlie system of Jierd manage- 
ment at these Military Dairy Farms is more or loss ()erfect as an atteni[)t is always 
made to keep the feeding and management conditions ([uite uniform throughout 
the year by stall feeding. Adequate protection from inclemencies of weather is 
always provided by way of f)ropcr housing. Suj)ply of succulent fodder is ensured 
all the year round, either in the form of green fodder — there being no pastures * or 
silage when green fodder is not avaihablc, though in the winter months roots, etc., 
are Jilso fed, and during the months roughages are of poor (juality they are supphi- 
mented by a fixed though liberal concentrate allowance. UndiT such ideal con- 
ditions of herd management it is only too natural that there be no very great sea- 
sonal variation of milk ucld. That such is very probaldy actually the (jasc is 
shown by the results given above, hence no corrections have been applied for this 
factor to th? data. In this connection it might as well be Jioted that it is by no 
moans the intention of the author to imjdy that tlu^ Luitatiou milk yi(‘ld of a cow 
cannot be affected by her month of c.alving. ^Jliat such an clf(‘,ct is [)Ossible 
is lully realize.d though its presence in the data re[)ortcd is rather duubtful. This 
conclusion, however, requires further investigation. 


\ AIUATI0N op CAirrATION MILK \ IKLl) AS AFPKl TED UV : B. SkRVK'E PERIOD. 

The distribution of the S. P. and its relations with the other three factors in 
our data have already b(‘eu discussed. In the present section an attempt has been 
made to study Mie effect of S. P. on total laelation milk yield. To do this a 
correlation surface was xlrawii for these two variables, i.c., milk yield and S. P. and 
the mean milk yields worked out for the diiferent service-2)eriod intervals, a study 
of whiidi showed the variation of milk yield with S. P. to be quite regular and 
definite, the means for successive S. Ps, being (juite smooth running. The main 
statistical constants as derived from the same table are given livable IX. 
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Table IX. 


Correlation of milk yield fvith S. P. 


Moan milk yield 

Standard deviaiktn of milk yield 
Mean S. P. , . . , 

Standaiti doviatinii nf S. P. 
Correlation eoolTieient 

,, ratio milk yield tm S. P. 

,l2 ^2 


WJ 1 2R ll>8. 
1612 I 20 „ 
12:V8 T l-Vdavfl. 
ioo(>(> 1 1-2 
1 339 I 01 r> 

•389 i- 015 
•0364 F -(KHiT 
— -OOdlTx. 


Ecjuation of fitted curve Y — 5960 ~ 3033, e. 

where Y = lactation yield lbs. 

e — natural base of neparian 
logarithms. 

X ~ S. P. in days. 

The value of correlation coefficient is fairly high and is many times its probable 
error and consequently is quite significant, meaning thereby that milk yield and 
P. arc causally correlated. The correlation ratio, as would be expected, is higher 
than correlation coeffichuit though tlie ditlerence between the two *050 *014 is not 

quite Bignillcant, it being only ^^*57 times its P. E. 

The value of n- r“, the test for linearity of regression is *0304 p *0067, 
which, though low as these values generally are, is quite significant, it being 5*43 
times its r. E. This would mean that the relation between mean lactation milk 
yield and S. P. is not linear in nature, and in fact a study of the mean milk yields 
for ditferent 8. Ps. (juito justilied this conclusion, for the mean yields increased at 
a decreasing rate, for successive S. P. intervals apparently tending to a limit. More- 
over the fact that the relation between mean lactation yield and S. P. can be linear 
is (juite belied by the modern researches about the form of lactation curve, for 
linearity would mean that a cow never served would milk indefinitely whereas 
Hrudy, Hagsdale and Turner [19231 have shown that “the form of the ecpiation 
for the lactation curve is the form that also describes the course of a monomolccular 
reaction, that there is present some material of the nature of a catalyst which acts 
Hs a necessary intermediary in the chemical process involved, and that the catalyst 
is very slowly and (umtinuously destroyed in accordance with the diiicrential 


-kt 


equation ^ ^ 

Keeping in view all these different 


considerations, it was decided to fit a logarith 


-cx 

•mic curve of the form y A — Be to the mean milk yields for different S. Ps, 

Trial gave the curve, 

- •00417X 

y -= 5960 — 3033 e. 

whose fit to the actual means for different S. Ps. is shown in Figure 3. It will be 
seen that the fit of theoretical curve to observational means is very good indeed. 
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According to this curve the luctutioii yield of an average cow would be 11,0.83 
lbs. only if conception occurred at once after calving and 5,000 lbs. as a limit if breed- 
ing were indefinitely postponed. From this c(|uation a set of correction factors as 
given in Table X, has been derived by using standard S. P. of 85 days, for making 
allowance for varying lengths of S. P. 


Tablk X. 

Corrections to (oUd yield for S. P. (standard >S. P. days, mean yield for 85 days 

S. P. --8,852 lbs.). 


Service 

IK*rincl 

( V)ri‘esp(>ii(liiij' 
mean total yield 
from Hiiiooth curve 

3832 

Value from 2 
(correct factor) 

Per cent. e<»rrc( tioij 
to apply 

Per cent, iiorrec- 
tioa from Pen- 
rith data ( 1 ) 


Iba. 




y 5 

3,015 

1*258 

d 25-8 

+ 2 r»o 

29‘ri 

3,278 

1*109 

10-9 

17 0 

49-5 

3.493 

1-097 

9-7 

9*7 

09-6 

3,090 

1*038 

3-8 

3-9 

S9-5 

1 

3,872 

0-989 

— l-I 

4-0 

109-5 

4.039 

0-918 

.5-2 

5-0 

129-5 

4,193 

0-91 1 

so 

8-5 

1 19-5 

4.334 

0-881 

ll-O 

11-4 

109-5 

4,404 

0-858 

14-2 

14-0 

1S9-.5 

4,584 

1 0-8,36 

10-5 

10-2 

209-5 

4,094 

0-810 

lS-4 

18-1 

249-5 

4,888 

0-784 

21 0 

21-2 

289-5 

5,051 

0-758 

24'2 

23 7 

329-5 

5,192 

0-738 

20-2 

25 0 

309-5 

5,310 

0-721 

27-9 

27-2 

409-5 

5,410 

0-709 

29-1 

28-5 


b2 
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86 days S. P. has been selected as the standard, as with this S. P. and a nor- 
mal gestation period of 280 days the cow wiil calve at yearly intervals. Since a 
long S. P. increases the lactation milk yield and a short one depresses it, a per- 
centage as given in Table X for corresponding S. P. must be addetrto lactation yield 
for all S. Ps. below 85 days, and a percentage subtracied from it for all periods higher 
than 85 days. For the sake of comparison, the elimination corrections for Penrith 
as obtaircd by Sanders [1923] and recalculated to a standard of 85 days S. P. are 
also included in Table X. It will be seen that the two sets of figures agree admira- 
bly well though our corrections are a trifle lower for the S. Ps. below 86 days and 
a trifle higher for the S. Ps. above 85 days. 

The correction factors given for varying lengths of 8. P. shew very clearly the 
very groat potency of S. P. in influencing the total lactation yields for a reference 
to Table X will show that milk yielded by a cow in a lactation must be raised by 
2G per cent, if she is served 9*5 days after calving, and lowered by 28*5 per cent, if 
she is left empty for 409*5 days after calving, in order to see what she would have 
produced with a 8. P. of 85 days. It must, of course, be mentioned that these 
correction factors for different 8. Ps. are strictly true for the mid-value of the 
intervals. But since the variation of milk yield with 8. P. is a continuous one, more 
accurate results would b(i obtained if the corrections for the 8. Ps. lying in the 
intervals, the means of wliich are only given in Table X. be interpolated by ordinary 
linear inieipolation ; especially will this be necessary for very low 8. Ps. wdien the 
mean lactation yields are rising very rapidly with successive 8. Ps. 

(UusKS VARIATION OF MILK YIELD WITH 8 . P. 

It is generally realized that the length of lactation is cletermiii(*d to a very 
great extent by tlie leiigtli of its 8. P. The problem has been the subject of study 
at dilTerent ])la(jes all over the world with more or less similar results regarding the 
extent of correlation existing between these, two variables. Rllinger [1910'^], for 
instance, dealing with Bed Danish breed got a very high value of correlation co- 
efficient between these two variables r — -f ’943 ^ *005. Sanders [1927, 1], how- 
ever, working on the same problem got the following results 

c n regression equation 

1st calvers -|-*795 T *008 *811 =F *008 35*70 + O-lOf) S. P. 

Others -p-758 T- *008 *700 ‘005 33*30 -f- 0*109 

As will be seen, the value of r is quite high though it is much lower than that 
of Elliiiger, and close agreement between r and n justifies the use of a linear regres- 
sion equation. Both tliesc sets of correlation coefficients, however, seem to the 
author rather high and therefore over-estimating the true physiological rela- 
tionship existing between these two variables. In fact, Sanders himself admit)^ 
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this fact in liis work, for according to him “ there always are some very long 
8. Ps. being associated witli only moderately long lactations and these arc often 
excluded automatically from the data by the farmers selling the cow before she 
conceived. • 

There seemed little evidence, however, of this del*e<it in our data, and it was, 
therefore, tliouglit that the value of r obtained from it would approximate more 
nearly the t rue physiological relationship than the Siune of Sanders’ or l^Ulinger’s. 
A correlation surface was therefore drawn between tlnvse twf> variables, a close study 
of- which revealed that whereas there appeared to be quite a high value of r ])et- 
ween the two variables, i.e., a high value of S. P. seemed to bo generally asso- 
ciated with a long lactation, there were good many cases where the S. P. had 
been longer than the lactation length accompanying it, this being esj)ecially true 
for very long S. Ps. This led the author to th(‘ belief i^iat the length of lactation, 
though generally governed by S. P., tended to a limit even though the lengtii of 
the 8. P. be infinitely increased, and therefore the true relation between the two 
variables is not linear in nature as given by 8anders, for on the basis of 8anders’ 
linear equations a cow once in milk will milk inlinitely provided slie is ke,pt away 
from the bail, and that the lactation length increases regularly at the rate of 10*5 
weeks for every 100 days tin*- date of service is deferred in first (lalvers. All these 
beliefs are quite substantiated by the statistical constants given in Table XI and as 
derived from the said correlation surface. 


Table XI. 


(■Of relation of S, P. ivith lactation length. 


Moan S. P 12:P8 1 1-78 

^standard deviation JS. P. lOO OG 1 1*25 

Mean Ir^ngt-h lactation ...... . . | J*2:{ 

Standard deviation length of laclation ..... 70 GI f 0111 

r I ■:^2I I- -Uili 

n ’.YM) r -UOl 


As expecterl the value of r is considerably lower than that of 8anders Kllin- 
ger, though it is still quite high and highly signifi(;ant. The value of n is nearly 
quite significantly higher than that of r , ii r b<*ing *000 -j- *017 or 3*88 times 
its P. E., and the value of ir does not permit the use of linear equation to 
describe the function. All this means that though tJie relation between these two 
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variables is not quite linear, their degree of correlation is quite high, i.c., a high 
S. P. will go with a long lactation period. 

Again though no similar statistical constants for the relationship existing 
between the lactation length and total milk yielded in it are known to the author 
to have ])eeri determined as between S. P. and lactation length, yet it is common 
knowledge that the total amount of milk produced during any lactation, i.e., from 
parturition to the end of lactation or until recurrence of parturition, is greatly 
influenced by the length of time over which the lactation extends. From the 
correlation surface drawn for these two variables for our data the statistical cons- 
tants given in Talflo XII were obtained : — 


Table XII. 


Correlation of milk yield mfh lactation length. 
Mean milk yield ......... 

Standard deviation milk yield ....... 

Mean lactation length .... .... 

Standard deviation lactation length ...... 

r ........... . 



n* — r* 


4069 =F 28 lbs. 
1612 T 20 „ 
291*69 T 1-2.3 days 
70 64 T 0-91 „ 

+ •695 T -009 
•723 + -008 
•0397 T -007 


Although the value of r as given above (1 o(js not represent the true physiolo- 
gical relationship between the two variables, for the length of lactation is generally 
a controlled factor in most herds, yet its veiy high positive value leaves no doubt 
in its signilieance. The value of r- is again interesting ; for it together with 
the value of r shows that though with longer la(dation periods one gets more milk 
yet the rate of increase is not expressed l>y a linear equation but is represented in 
some other form. 


The above discussion about the relations between the S. P., lactation length 
and milk yield therefore goes to explain t he cause of the variation of lactation 
milk yitdd with S. P., for it clearly brings out that siince S. P. and lactation length 
and lactation length and lactation milk yield aui all positively correlated, a longer 
S. P. in a cow results in a longer lactation and therefore more milk yield as 
against shorter one in which the length of lactation and consequently the milk 
yield are both reduced. 

Before this discussion about the causes of variation of milk yield witli S. P. 
is left off. it must of course be mentioned that this is not the only way in which 
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S. P. affects the lactation yield, for modern researches [Sanders, 1927, 2] have gone 
on to show that S. P. also affects the shape of lactation curve, the curve being 
long flat in nature — more persistent — for cows whose S. P. is longer, as against the 
steep one of those that are served earlier and therefore have shorter S. Ps. 

VARfATION OF LACTATION MILK YIELD AS AFI ECTED UY : — C. AGE. 

Of the different factors that are being considered here, age perhaps has 
received the most consideration at the hands of different workers in the world, 
though the metliods employed in its study have differed considerably with different 
workers. But by far the commonest method employed has been the study of 
what Sanders calls '' raw lumped lactations.'' This method, however, is highly 
unsatisfactory, and the results got by it do not represent the real physiological 
function of age in the variation of milk yield, for ‘t. conscious, unconscious and 
conscious and unconcious selection " [Kay and M'Candlish, 1929J is always going 
on in every herd in any of its 3 forms, and, therefore, the milk records included in 
the older ages as against those for younger ages are always from selected animals 
which arc naturally better producers with the result that a higher age of maximum 
production is obtained than what it ought to have been it due allowance liad been 
made for selection. 

A decided improvement on this method of studying the variation of milk yield 
with age from “ raw lumped lactations ”, therefore, is the elimination of the effect 
of selection from the data before it is utilized for this study. This may be 
achieved in any of the following two ways : — 

1. Fixing a standard for age so that only those cows be ini^luded in the study 
which have (Completed that age standard, e.(j., it may be fixtid tliat no cows be 
taken into consideration that have been in herd for less than 5 lactations. In that 
case the variation of milk yield for 5 lactations will represent the underlined 
physiological function truly. But the defect of the method is that a good lot of 
cows which do not reach the affixed standard arc left out of consideration. 

2. A more practical method is the one laid out by Sanders [1928, IJ for studying 
the variation of individual cow's milk yield with age, which seeks at building up a 
composite curve. In this case all the known records are utilized. 

But although the results got after allowing for selection are better and more 
representing the true physiological function than tliose got from raw lumped 
lactations”, yet they are not final, for allowance must be made for the interrelations 
of other factors with age which also affect milk yield. The variation got when due 
allowance is made for them all after allowing for selection represents truly the 
underlying physiological function. 
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In the present study all the three methods as described above liave been used, 
though the final corrections have been worked out by the last method only, i.e., by 
eliminating selection and the effect of the variation of S. P. with age. 

‘‘ Raw hmjied lactations The mean yields for different ages as derived from 
the distribution surface drawn between age — as measured in lactations- -and the 
lactation milk yield, are given in Table XIII, a study of which 


Table XIII. 


Age in lactations 

Milk yield 









lbs. 


1 








3,703 


2 







• * • 

4,033 


3 







• • • 

4,098 


4 








4,216 


6 

• 







4,00.5 


6 

• 







4,124 


7 


• 





• ft • 

4, .33 1 


8 


• 





• e • 

4,106 


9 

• 

• 





• • • 

3,766 


10 

• 







1 4,647 


11 

• 







4,774 



shows that these means for different ages are rather irregular, and therefore it is 
not possible to lix the age of maximum production to which the yields of otlu*r ages 
be standardized. The highest mean yield is first attained at the 4th lactation over 
which there is a decrease during the next two lactations, i.e,, Dth and Gth. The 7th 
lactation mean is higher than all ita preceding ones and then there is drop again 
during the 8th, and 9th lactations, the IDth and 11th lactations being again excep- 
tionally high perhaps because only selected animals — animals retained on account 
of tlunr producing ability— are included in these age classes. 

Composite curve method. The fact that the mean yields for different ages as 
given in Talde Xni do not represent the real variation of milk yield with age. is 
very clearly brought out by a study of the same by the composite curve jnethod. 
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In this data there were 310 cows whose first two lactations were known and the 
mean yields for the first and 2iid lactations were 3,7(>7 and 4,007 lbs. respectively, or 
putting the 1st lactation yield at 100*0 that for the 2ud came to 108*05. Similarly 
there were 263 cows with 2ud and 3rd lactation known giving means of 4,01)5 and 
4,103 lbs. respectively ; if the 2nd lactation yield is taken at 108*05, that for 3rd 
becomes 108*2() the comparative yields for the 1st, 2nd and 3rd lactations being 
100*0, 108*05 and 108*26. The same process was continued for all other ages and 
the comparative yields got for different ages are given in Table XIV. 

Table XIV. 
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Table 


Variation of lactation yield with age — 


Lactation 


Total lactation yields in lbs 


1 

o 

2 

3 

3 

4 

4 

Below 409 





2 



2 

1 



m-749 . 





5 

, . 


1 

, , 

2 

1 

7^0-999 . 






, . 

, , 

. . 


, , 


1000—1249 





7 

3 

2 

1 

1 

3 

3 

12S0— 1499 





7 

8 

8 

1 

1 

2 

1 

1500—1749 





3 

6 

4 

6 

4 

3 

1 

17C0— 1999 





16 

9 

9 

6 

.. 

6 

6 

2000-2249 





16 

12 

8 

15 

12 

7 

1 

2250—2499 


• 



8 

16 

14 

11 

8 

6 

3 

2600 - 2749 





24 

17 

13 

14 

12 

12 

9 

2760—2999 


• 



20 

21 

17 

19 

13 

11 

6 

3000—3249 





28 

15 

9 

17 

14 

15 

10 

:i260— 3499 





19 

24 

21 

18 

16 

12 

8 

3600—3749 





28 

26 

23 

21 

14 

15 

10 

3760-3999 





26 

21 

18 

17 

14 

14 

11 

4000-4249 





23 

18 

16 

13 

9 

11 

10 

4250-4499 





11 

27 

24 

19 

19 

10 

9 

4500—4749 





13 

18 

16 

8 

7 

12 

8 

4750—4999 





11 

11 

10 

21 

19 

16 

10 

5000 -5249 





15 

9 

9 

11 

9 

8 

6 

62r,(V-5499 





6 

12 

8 

8 

6 

7 

4 

r.6(Kl--6749 





() 

8 

7 

6 

6 

12 

9 

6750—6999 





6 

7 

7 

9 

8 

6 

2 

OCHKl— 0249 





4 

7 

7 

4 

4 

3 

3 

6250-»r)499 





1 

3 

3 

2 

2 

4 

2 

0450- 6749 





1 

2 

2 

5 

2 

4 

3 

6750—6999 





1 

3 

2 

3 

2 

3 

2 

7000—7249 





2 

1 

1 

2 

3 

1 

1 

7250—7499 





, , 

1 

1 




. . 

7500—7749 






2 

1 

1 

1 

3 

1 

7760—7999 





1 

1 

] 



1 


8000—8249 








2 

2 



8250—8499 






1 

1 



1 

1 

8500—8749 








. . 

. . 


. . 

8750—8999 





. . 

1 

1 





9000- 9240 

No. of cows 





310 

• • 

263 

1 

209 

■■ 


Moans 





3500 

3838 

3884 

3912 

4016 

4069 

4075 

r. £. of inraiis 





1-r»i 

1-52 

■T69 

T58 

1-64 

1 69 

1-80 

DiOereiices between means 



F338 

T71 

+28 

+83 

—53 

1 94 

—154 

Comi)arative yield 

• 



1000 

108*8 

108*8 

i 

109*58 

i 

109*58 

lU-09 

111-09 
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The comparative means for the different ages as given in Table XV agree very 
well with those given in Table XIV, supporting thereby our first conclusion that 
there is not much of variation in S. P. with age. A close study of the actual 
means and the comparison of a succeeding mean with its preceding one for tlui 
same age also reveals the extent of selection on the basis of producing ability tliat 
has been going on in these herds. The means are quite regular, tliere being an 
increase in their value till the 4th lactation followed by a continuous decline, and 
the only thing required to be done is to smoothen down these means. To do this 
the precedence of Maine workers [Gowen, 1924] has been taken and a logarithmic 
curve of the form 

y = a d- bx 4- cx^ + d /log x 
has been fitted by the method of moments [Miner, 1914-15]. 

The equation for the fitted cruve is 

y - 100‘651 + *911 X *578x2 + 25*743 log x 
where x ~ age in lactations, 

y • - comparative yield on per cent, basis reduced to first 
lactation yield. 

By differentiation of this logarithmic e<i nation for milk yield, it was found that 
the maximum productivity of these cows occurs at tiui age of 3 *521 lactations. 
The actual fit of the fitted curve to the observational means is shown in Figure 4, 
which shows that the fit is ({uite good and tlie actual comparative means as calculat- 
ed from this theoretical curve together with the percentage correction that must 
be applied to the milk records produced at different ages to reduce them to the 
mature standard basis, i.e., 3rd or 4th lactation are given in Table XVI. 


Table XVI. 


Correclions to total yield for aye. 


Age in lactations 

% yield fn)in 
smoothed 
curve 

% in wtd to 
estimate mature 
yield 

1 . 








100‘8S 

1-9*5 

2 








10805 

2-4 

3 . 








iio-:io 


4 . 








1 10*45 


5 . 








108-05 

-iVs 

C . 








105-24 

5*2 

7 . 








100-30 

100 

8 . 








94-81 

16*5 

9 . 








80*50 

239 

10 . 




• 




77*50 

32-7 
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It might be mentioned that the above results are absolutely in line with those of 
Maine workers, according to whom the milk yield rises at an ever decrejising rate 
as the age of the cow advances, until the age of maximum productivity is reached, 
from which age it declines at an ever increasing rate as age increases — a phenome- 
non wliich has been interpreted as an expression of growth and senescence. 


Comparison op these results with those of other workers. 

Table XVII gives our results for the variation of milk yield with age along with 
those of some otJicr workers on the same subject. 

Table XVII. 


Variation of milk yield with age. 




Method of 
estimation 

Comparative yields for ; — 

Authority 

Breed 

1 

2 

3 

4 

5 

6 

7 

8 

SauderH and 
ilumniond 

Cross-bred 
Short liorn. 

Composite 

curve. 

1000 

110-3 

118*5 

125-1 

130-4 

... 



SandcTa 

Mixed . 

Do. 

1000 

113-2 

121-7 

128-1 

131*7 

132*7 

130-8 

125-7 

McOaiidliah 

Jersey . 

Lumped 

lactation. 

1000 

107-2 

121-8 

134-7 

141-9 

146*2 

148-7 

152-5 

Do. . 

Guernsey 

Do. 

1000 

110-5 

121*4 

132-8 

141-5 

142-7 

145-6 

146-3 

(ioWOll 

Jersey , 

Do. 

1000 

116-2 

123-8 

131-0 

137-3 

131-7 

129-6 

122-4 

Du. 

Friesian 

Do. 

1000 

118-8 

132-1 

141-3 

161-4 

156-2 

167-7 

154-6 

Kay and 

McCandlish 

Ayrshire 

SijeeeK.s i v v. 
hud at ion 
yields of 
samceows. 

lOOO 

103-3 

110-0 

113-3 

116-1 

... 

... 


(hivin 

Shorthorn and 
Friesian. 

iSueeosH i v c 
yields of 
same cows 
daily iL M. 

1000 

130-6 

146-9 

156-1 

161-2 

163-3 

101-2 

101-2 

Bangali*ro 
( Presout 
paiKjr). 

Sahiwal 

Compo.si to 
curve lae- 
1 a t i o n 
yield. 

1000 

107-1 

109-4 

109-5 

107*7 

104-3 

99-6 

94-0 


A study of the above figures shows that not only do our cows reach the age of 
maximum productivity earlier than foreign cows and thence begin to decline rather 
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quickly, but that the total extent of increase in their milk yield as measured by the 
difference between the 1st lactation yields and the yield for the lactation of maxi- 
mum productivity is very low. Roughly our average cow docs her best perform- 
ance at her 3rd lactation, and maintains this yield during the 4th lactation, 
whereas in no other case the maximum is reached before the 6tli lactation ; further- 
more whereas our cows increase to the extent of only about 10 per cent, of their 
1st lactation yield till their maximum j)rodiiction ages the foreign cows incr(‘ase by 
as much as 30 to 60 per cent, the variation depending uf)on the data used, l.e., 
short period milk records, or lactation period milk records. All this goes on to [)rovc 
the very poor quality of our Indian cows as milkers, for a good cow is a persist (uit 
milker not only in every lactation but throughout her life so that her average yield 
per lactation for whole life be high. This fact becomes all tlie more striking when 
it is borne in mind that the results as have been giyen above as representing the 
behaviour of Indian cattle are for the best Indian milch cattle, cows whose lactation 
yields are as high as 4,000 lbs. on the average and that much worse results would be 
got with the average Indian cows. 

Of course, the peculiarity about the attainment of maximum production at a 
comparatively earlier age (as measured in lactai ions) iii Indian cattle can be 
explained away by the fact that Indian cows calve about a year later than foreign 
om^s, and tlie total period as covered by their 4 lactation periods is equal in length 
to that of 5 lactations of foreign cows, so that the actual ago of maximum produc- 
tion (about 7-8 years for both) is more or less the same for both classes of animals ; 
but the other peculiarity, i.e., the very low increase of yield of the lactation of 
maximum production over that of the I'st lactation, seems to tlui author to iiKuit 
further consideration. However, it is not desired just Jit |)rcsent to enter into the 
cause of this queer phenomenon. This, therefore, is left off for t\ni pnjscfit to 1)0 
taken up in detail some other time though to check these n'sults and to see if tliey 
truly rej)reseiitcd the beliaviour of all the cows of our data, the records as used 
above were divided into separate classes according to tluj number of la(;tations fur 
which a cow was maintained in these herds, and the mean variation of milk yield 
was worked out separately for every class. No peculiarity liowever was o]>.served 
in the behaviour of these various age classes as com[>are(l with tJic average results 
given above for all cows, except that the cows that were maintained for more than 
8 lactations in these herds showed a higher increase till the. age o( their maximum 
productivity over the 1st lactation yield although they ion increased till their li 
lactation only . This slight peculiarity, however, can be explained away by the fact 
that the animals included in these higher age classes are only selectc<l ones ; and 
therefore the results already given in Table XVI seem quite correct and truly re- 
presenting the underlying physiological relationships of the variations of milk yield 
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with age in our average pure-bred Indian milch cattle. That they are further con- 
firmed by the experience of practical cattle breeders in India is seen from the 
Punjabee sayings “ Gan tije, mul va lije ” (never purchase a cow that is in her 3rd 
lactation) and Gm Chauthe, Cham Othe (cow in her 4th lactation is merely a hide). 

Cross-bred Indian Cattle. 

To compare the behaviour of Indian cross-bred cows in this respect with that 
of pure-bre l native stock, the variation of milk yield with age as exhibited in the 
cross-breds was worked out from the Pusa cross-bred stock. As mentioned before 
only 348 normal complete lactation milk records were available, and therefore the 
number of records included in different age classes, especially the older ones, was 
rather small. But since the results obtained are highly interesting and quite sug- 
gestive due to great regularity in their trend in spite of the very great paiuuty of 
data, they are given here, for they bring out very clearly the extraordinary milking 
capabilities of Indian cross-breds. • 

The procedure employed for study has been the same as used for the Sahiwals. 
Composite curve method was employed though only uncorre(;ted records were used. 
The actual distributions arc not given, but the fit of the theorcti(5al curve to the 
observational means is shown in Figure 5, whhjh as will be seen is quite fair. 

The equation of the fitted curve is 

y:-.'.79*876 hHk748x l*()8Gx“ 28*071 Log x according to which the maximum 
is reached at x-=8*42G as against x— 3*524 for pure breds. The mean comparative 
yields reduced to the percentage basis together with corrections for age as calculat- 
ed from this curve are given in Table XVIII. 

Table XVIII. 


('Orrccdons for age for cross-hreds. 



Age 

in iaotat-iuns 



CompHrative yield 
calonlafed from 
curve 

IVr coni, to add to 
e.stimate the 
mature yield (8tli 
lactation) 

1 . 


m • h 

• • 


98-64 


1 46-2 

2 . 


• • • 

• • 


106-68 


37-0 

3 . 





115-95 


27-6 

4 . 



* • 


124-69 


18-H 

fi . 



• • 


131-86 


11-4 

6 . 





137-42 


6-8 

7 . 





141-17 


1-9 

8 . 





143-01 


• • 

9 . 



• • 


143-10 


* • 

10 . 



• • 


138-68 


+4-6 




l^Qt 



Age in lactations. 

Variation of total lactation milk yield with age. (Cross-breds). 
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A comparison of the comparative yields as given above for cross-breds with 
those of similar yields for other breeds as given in Tab^e XVII shows that our 
Indian cross-breds are in no way inferior in their milking capabilities to any other 
breed. In fact the figures tend to show that if anything they arc a bit superior 
to all others. This is perhaps due to the hyl)rid vigour. Since the results for the 
later ages are based on very few lactations, much reliance cannot be placed in their 
absolute value, but still the conclusion seems quite justifiable that the Indian 
cross-breds maintain their yields throughout their lives as nicely as any other 
dairy breed of the world. By this it is not meant to convey that as dairy animals 
cross-breds are as efficient producers of milk as any other dairy breed of the world. 
This can hardly be true, for their mean lactation yield is much lower than many a 
foreign breed. The only point stressed here is that they maintain their milk yields 
throughout their whole lives as nicely as any other foreign breed, and much better 
t! an pure-bred Indian stock and therefore are far superior to pure- bred Indians as 
milk producers. Whether they shall efficiently serve the work needs of the country 
it is not the purpose of this paj^er to discuss, but that they can play a very import- 
ant role in solving Indian urban milk supply problem quickly is beyond doubt and 
is the purpose of this paper to emphasise. 

Perhaps it is the recognition of this fact that has made the Military Dairy Farm 
authorities in the North to alter their plan of cattle breeding from one of selective 
breeding of puro-bred Sahiwals to that of grading them up with imported Friesian 
sires. 


Summary. 

A statistical study of the lactation period milk yields of the cows t)f 
Sahiwal breed of India has been conducted witli a view to study the variation as 
caused in them by and to standardize them against the ell'cct of the season of year. 
S. P. and age, and it has been shown that 

1. These pure-bred Sahiwals calve at intervals of about 13i months. Out 
of this period they are dry for about 120 days, or about 29 per cent, 
of their life is useless. This is very high as compared with the same 
for foreign cows where the D. P. is generally oidy half as much. 

2. Season of year does not seem to have any great effect on the total lactji- 

tion yield in these records. This is because of the excellent system (‘1 
herd management though due to paucity of data the results arc not 
claimed to be final. 

3. S. P. is a very potent factor in determining the lactation yield ; a short 

one depresses it and a long one increases it. Corrections are given for 
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different lengths of S. P. after calving, 86 days S. P. being chosen as 
the standard. These corrections agree very well with those of Sanders 
and Hammond [ 1923 ] for Penrith. 

4. S. P. affects the total lactation yield by affecting the length of the lacta- 

tion period. 

5. The curve describing the function of variatioti of milk yield with age is 

logarithmic in nature, meaning thereby that lactation milk yield at 
first increases at an over decreasing rate with increase of age till the 
age of maximum production, and from there it decreases at an increas- 
ing rate with advance in age. 

0. The actual age of maximum productivity is roughly 3rd-4th lactation for 
pnre-bred Sahiwals as against about the (ith for foreign ones, and 
a])proxinialely 8th for Pusa cross-breds. This earlier maturity of 
Indian cows is due to their age at 1st calving being a year higJier 
and their lactation period being about two months longer on the 
average as compared with the foreign ones. 

7. Separate correction tables are given for Sahiwals and cross-breds to 
standardize their milk records for ago to mature standard basis, and a 
com[)arison made botwe<ui these results witli those for foreign cows, 
it has been shown tliat whereas foreign cows and Pusa cross-breds 
increase to the extent of 30 to 40 per cent, of their 1st lactation yield 
till their age of maturity, and then begin to decline, the best avenuje 
pure-bred Indians increase by approximately 10 per cent. only. This 
is very important, for it proves the extremely jxjor milking ([ualities 
of Indian cows and tlio higldy cllicient nature of (uoss-breds as milk 
producers. It furtJier emphasises how indispensable', cross-brenls are 
for the cpiick solution of the Indian urban milk supply problem, 
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i.Sc. (Edin.), N.D.D., Assistant to the Imperial Dairy Expert, Bangalore, for much 
valuable help and criticism in the preparation of this paper. 
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TIER EXISTENCE OF FOWL TYPHOID IX INDIA * 


BY 

HUGH COOPER, M.R.C.V.S., I.V.S., 

Veterinary Research Officer^ 

AND 

R. N. NAIK, G.B.V.C., 

Afisistant Veterinary Research Officer y 
Imperial Institute of Veterinary Research y Muktesar-Kimaun, 

(Ilecoived for |>»iblication nn lltli April, lO.'D.) 

An ontbroak of disease in a flock of j)()ultry at Bhowali in the Kiiniaiin bilL 
was reported to this Institute in August P.130 when a dead fowl was forwarded loi 
examination. Deaths took [)la(;e in tills outbreak mainly among adult birds and as 
single cases occurring over a period of about two months as shown in Table 1. 


Table I. 



No. of deaths 

No. <»f 


Date 

in adult 

deaths 

KcMiiarks 


f< iwls 

in <;hicUs 


lath .Fuly mo 

1 



21.stJulv 1930 

1 

. . 


22ml J Illy 1 930 

1 

1 


30th July 1930 .... 

1 

, . 


3r(l August 1930 

1 

1 


5th August 1930 

1 

1 


7th August 1930 

1 

1 


9th August 1930 

1 


N. gullinarum isolateil in culture. 

loth August 1930 

1 



17th August 1930 

1 



20th August 1930 . 

1 



23rd August 1930 

1 



Total 

12 

4 



* Paper rood at the 18th Sessiun of the Indian Science Congrcaai Nagpar, 1931. 
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From the clinical history reported the disease was at first suspected to be fowl 
cholera and the use of serum and vaccine against this disease was advised. Bac- 
teriological examination, however, subsequently showed that the outbreak was duo 
to Salmonella galtinarumj Klein. 

It is believed that the disease fowl typhoid due to this organism has not 
before been reported in India, and a further point of interest lies in the fact that 
outbreaks of disease in fowls may be wrongly diagnosed and thus account for 
failures from the application of serum and vaccine prepared for use against Fowl 
Cholera. 

The disease was transmitted artificially at the laboratory to healthy fowls by 
the injection of culture of the organism isolated, and the course of the disease was 
then studied. Symptoms occurred from 2 to 10 days after injection (average 4*1 
days) with one case later, on 18th day. They consisted of fever, ruffled feathers 
and impaired appetite with diarrhoea in some cases. Death occurred in 13 out 
of 16 fowls used, or 81*2 per cent, in 6 to 10 days with an average of 7 days. 
Post-mortem the lesions consisted of marked congestion of the internal organs except- 
ing the lungs, and great enlargement of the spleen. In the first natural case 
examined fost-morlem death was at least partly attributable to rupture of the liver 
resulting from extreme congestion of that organ. 

Bacteriologically the organism isolated in this outbreak was indistinguishable 
from a type strain of 5, gallwanm obtained from the Lister Institute, London, 
as shown in Table II. 



TABLE II. 


( 101 ) 
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Table 




Cultural characteristies 

Bioohcmical reactions 

Organism 

Morpliology 

Plain agar 
slant 

Plain 

broth 

Potato 

Gelatin 

Litmus 

milk 

Indol 

fonria- 

tioii 

B h 0 w a 1 i 
organism. 

Non-motilc rods 0*8 
to I'S miorons long, 
occiiiTing singly or 
in short cliains, 
somotinnis showing 
poriplicral but not 
bipolar staining. 

Grain negative. 

Gray, 

moist, 

glisten- 

ing 

colonies. 

Turbid 

with 

sedi- 

ment. 

Grayish 

yellow 

growth 

slightly 

dry. 

1^1 

Very 
slight 
aiadity 
followed 
by alka- 
linity. 

Not 

form- 

ed. 

S. galJi- 
narit m 
** typo ” 
English 
si rain. 

Ditto . 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

*S'. PnlIonDu. 

“ typo ” 
Engli.sli 
strain. 

N«»n-motile rods DO 
to 2*ri niierons long 
nn)stly ocenn’ing 

singly- 

Gram negative. 

J )i.scre( e 
trans 
lucent, 
moist, 
glisten- 
ing 

colonies. 

Do. 

Ml list, 
deep 
grayisli 
yellow, 
glisten- 
ing. 

Do. 

— 

Do. 


A 

G = 
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Samples of scrum obtained from fowls both naturally and artificially infected 
with the Indian strain of Salmonella gallinanm behaved in an identical manner 
when tested by the agglutination test against strains of Salmonella gdlinarnm, 
English and Indian, Salmonella jmUorum and B. typhosus. Details are given in 
Table III. 

Table III. 


Scrum from 

i 

History 

Result of agglutination test against the antigen of 

1 

N. aalli‘ 

\ varum 
Bhowali 
strain 

N. Oalli‘ 
narum 
English 
strain 

8. Pnllorum 

B. Typhosus 

1 

Rabl.it No. 63 . 

i 

Injected wi(.h broth 

+ 

“h 

+ 


Rabbit No. 54 . 

Oallinarnm^ Bhov/ali 

and bled after 10 days. 

+ 

H- 

-1- 

-1- 

■ 1 

1 

1 

Fowl No. 97 

Infected with. broth 

culture of S. (Udlirntrutn^ 
Bhowali and bled after 
13 days. 

+ 

+ 

+ 

■"h 

Fowl No. 90 

Recovered after artificial 
infection with Fowl 
Typhoid 15 days after 
infection. 



4- 


Fowl No. 143 . 

ReiKjrtod to have suffered 
from Fowl Typhoid and 
recovered in the out- 
break. 

+ 

■f* 

1 

“1- 

+ 

Fowl No. 142 . 

1 

1 


—• 

— 

— 

— 

— 

— 

— 

Fowl No. 144 

i 

Fowl No. 123 . 

Healthy controls • 

Fowl No. 125 . i 

— 

— 

— 

— 

— 

— 

— 

— 
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It is thus not possible, as has already been reported by a number of workers, to 
distinguish by the agglutination test between fowl typhoid caused by S, gallwarmn 
and bacillary white diarrhoea caused by S. pallor nm. 

Dead bacterial culture was prepared for use as a vsccine, by growing the 
organism on agar plates, collecting the growth, emulsifying it in carbolised normal 
saline solution to oi)acity 8 by barium sulphate standard tubes and heal ing it at 
G5°C. for one hour. This vaccine, however, failed entirely to protect fowls in- 
oculated with it against a small dose of the living organism given by subcutaneous 
injection. Details are given in Table IV. 

Table IV. 
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Since, however, three fowls which were reported to have been affected and 
recovered from tlie natural disease in the Bhowali flock and one fowl which had 
recjovered from artificial infection also succumbed to an injection of the same living 
culture, as detailed in Table V, it appears that the organism used for tq^t purposes 
was so highly virulent as to break down both natural and artificial immunity. It 
is probable that vccination might prove still to be of use, however, against natural 
infection. 


Table V. 


Fowl 

No. 


90 


m 


142 


144 


History 

Agglutination 
title prior 
to the 
test 

Infection with galUnarum 
living culture 

Result 

Date 

Dose 

•Survived artificial infec- 
tion and tested on the 
14th day. 

d 

r)-9-S0 

0. r, c. c. 

Pied 15th day. 

•Said to liuvc rec^overed 
fntin the natural disease 
at lihowuli. 

d- 

Died 1 Itli day. 

— 

Died 7th day. 

— 

Died lull day. 


Now that Iluj existenc(^ of fowl typhoid in India has been proved, it is a 
matter of considerable importance to take ste])s at once to study the extent and 
distribution of this disease in India. 





RANIKHET DISEASE : A NEW DISEASE OF FOWLS IN INDIA DUE 
TO A FILTER-PASSINO VIRUS* 

BY 

HUGH COOPER, M.R.C.V.S.. I.V.S., 

Veteritiari/ Researoh Ojficer, ImperUd of Velvnuurif Riotforch, 

AIiiklemr-Kinmiiii. 

(With 10 chartH.) 

The earliest mention of the disease described in this [)aper occurs in the Animal 
port of the Muktesar Institute for 1U27-28, where, under the headin]L!; “ A New 
Kowl Disease,” Dr. Edwards refers to an exce{)tionally fleavy outlmLik of disease* 
in July, 1927, wliicli aecounted for about 400 highly bri'd fowls, within tJie brief 
space of two months, out of a flock of about 000 on a farm at Ranikhet, a neigli- 
bouring station to tliis Institute situated in the Kiiniaun foot-liills of tlie Himalayas. 
The two characteristic features of the disease stressed by Dr. Edwards were the 
almost entire absence of lesions ” aud the non-inoculability of the virus with the 
blood of infected birds, although it was “ readily conveyed with tilterates of mouth- 
washings ”, 

Towards the latter part of 1928, the disease was diagnosed in a number of sick 
fowls forwarded to this Institute by a private poultry-owner in tln^ ( huh wal district 
of the United Provinces. Again, in January and April of last year. 1929, tlie dis(‘ase 
occurred in two separate outbreaks on the farm of tlie United Provinces Poultry 
Association at Lucknow, and the identity of the disease in one at least of these 
outbreaks with Ranikhet Disease ” was confirmed from examination of infected 
fowls at the Muktesar Laboratory. 

Infective material thus became available at this Institute from each of the 
three outbreaks referred to above, and advantage was taken of the opportunit i(‘s 
thus afforded to carry out a study of the disease under laboratory c(mdi(i<)ns. 

A brief reference to this work was included by the writer in the. Annual Rejunt 
of the Muktesar Institute, 1928-29, and the present pa])er includes results obtained 
since 1927 from the study, whicJi is still in progress. 

Outbreaks of what would appear to be the same disease- for its ident ity can 
hardly be mistaken despite the frequently meagre (dinieal d(;tails availalile. — have 
also been reported from a largo number of widely separated localities in India, 
and even appeals for help in combating the outbreaks have been noticed in the 
correspondence columns of Indian newspapers. 


♦Paper submitted to World Poultry Congress, 1930. 
( 107 ) 
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A fact of soma considerable interest in conaection with these natural outbreaks 
of the disease is that in many of the reports it is stated that crows were noticed 
to be dying in very large numbers in the vicinity of poultry farms when the disease 
wad raging at the time among poultry upon the farms. 

Isolation op Inpeotivb Material. 

Trials with mouth-washings, emulsions of internal organs and with blood from 
infected birds soon showed that whilst the first two proved infective when injected 
under the skin of healthy fowls, the inoculation of blood in this manner some- 
times failed to produce infection. Also, the virus proved capable of passing easily 
tlirough fine bacterial filters ( L 3 candles fitted to Martin's filtering apparatus). 
In the earlier experiments, the infective material useil in the artificial production 
of the disease consisted entirely of mouth- washings, but latterly it was supplanted 
by organ emulsion on account of the case with whioli the latter could be kept alive 
under laboratory conditions. The preservation of the organ emulsion was carried 
out on the lines indicated by Doyle [1927J in his report upon the so-called New- 
castle Disease," use being made for the purpovse of a mixture of the main cellular 
organs of the body, liver, spleen and kidneys. The organs were removed with 
strictly sterile precautions from fowls destroyed at the commoiieement of the 
disease, subjected to a process of desiccation, and stored, without the addition of 
any preservative, in a refrigerator at a temperature below 4 degrees Centigrade. 
As would appear from tlie following Table, when stored in this manner the material 
proved defiiiilcly infective for 125 days, and probably until 169 days, in spite of 
the fact that in a few instances it was noticed to have developed contaminating 
growths of mould. 


A}^o of 
virus ' 

tlays 

No. of 
fowls 
tcsl-od 

Fowls died 
“ iianikhet 
disease* * 

Fowls 
diwl un- 
diiiguused 

1 Fowls livetl 

1 

Survivors re-tested 
with virus 

S7 

2 

2 

, 





1)1 

2 

2 


— 

— 

1)5 

2 

1 

1 

— 

— 

101 

2 


— 

— 

— 

105 

2 


— 

— 

— 

111 

2 


1 

— 

— 

115 

2 


— 

— 

— 

VM 

2 

1 

1 

— 

— 

J :i5 i 

2 

I 

— 

1 

No reaetion. Immune. 

147 

2 


— 

2 

Reacted and lived 
partly immune. 

151 

2 

— 

— 

2 

Reacted and died. 

155 

2 

2 

— 

— 

— 

169 

2 

— 

2 

— 

— 
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The virus contained in this material has been maintained for over a year at 
the laboratory by passage occasionally through fowls, and the reactions exhibited 
in fowls injected with it have been identical in every respect with those provoked by 
mouth-washings. 

EePRODUOTION Ob' THE DISEASE. 

A very largo number of healthy fowls has been utilized during the course of tlie 
work undertaken at this Institute, but examination of 11.3 records of birds us(kI in 
a series of 56 direct passages, where virus in the form of filtered mouth-washings 
was employed, will serve as an indication as to the extent to which country-bred 
fowls are susceptible to this albiction. Tlie number of fowls actually used in tJiis 
series was greater than 113, but all records of fowls which were destroyed in the 
course of the experiments for various reasons, and where complications interfered 
witfi the normal progress of the disease, liave been excluded from tJie presejit note. 
The results of experimental observation upon these 113 fowls may be summarised 
as follows : — 

Reacted and died .90 fowls or 85 0 per cent. 

Reacted and recovered 1 1 fnwls or 9*7 percent. 

No a])prcoiable reaction 0 fowls or 5*li per cent. 

The following Table shows the days after virus injection on which the OG fowls 
referred to above first exhibited symptoms, and the days also on which death 
occurred. 


Days after injection of virus 



0 

1 

2 

3 

4 

5 

C 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1() 

17 

18 

19 

20 





















“■ 

— 

NiirnhcT of fowls showed first symptotiis . 


0 

1 

12 

30 

30 

15 

3 

2 

0 

0 

-.1 

2 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

Number of fowls died .... 

0* 

0 

2 

20 

24 

17 

9 

H 

3 

2 

3 

"It 

2 

0 

0 

1 

1 

0 

0 

1 

0 


It will be seen from the above table that in artiO(ual infectioii the incubation 
period is between 2 and 11 days although by far the largest nujuber of birds 
developed the disease within 5 days of inoculation, so that virtually tlie incuhaiion 
period can be said ordinarily to be from three to five days, since only seven fowls 
sliowcd a ‘‘ delayed reaction from the 6th to 11th days, and tlie 12 reactions 
which occurred as early as the second day nearly all took place at one period 
during the sidj-inoculations, indicating a distinct increase in virulence at that time 
due to rapid passage. The average period of incubation was just over 3.1 days. 


* 0th day, or day of injootion of virus. 

Average (1) incubation period, 3*56 days; (2) duration of illness, 1*55 days. 
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Deatli occurred in moat cases almost inuuediately the first symptoms were 
shown, that is, on the same day or only one day later. Two birds thus died on the 
second day, and the largest number died on the 3rd and 4tli day after injection. 

The periods of recognisable illness before death occurred are given in the follow- 
ing tal)le, wliich shows that death occurred on the day the first symptoms were 
exhibited in nearly one-third of the fowls ; in over oiie-third it occurred only one 
day later, and tlie maximum duration was 10 days. The average duration of 


recognisable illness in 
a-half days. 

the 1)6 fowls therefore amounted to only just 

over onc-and 

Death 

Number of 
fowls 

Total 

days 

On day of first 8ymj)toms 

. . , 30 

0 

1 day later 

35 

35 

2 days later 

12 

24 

d >> j> • • 

8 

24 

4 „ „ 

3 

12 

6 „ „ 

3 

15 

6 „ „ 

1 

6 

7 >» >» • • 

1 

7 

8 

2 

16 

t) »> >> • • 

0 

0 

10 „ . 

1 

10 


T<ital . 1)(> 

140 

Averafj:e duration of illiiesH, 155 days. 


Th(‘ eleven birds which showed a definite reactiim and recovered exhibited 
symptoms as follows : — 



Duration of sj^mptonis in days . 


1 


1 


1 
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Symptoms op the Disease. 

The nature of the reaction exhibited after artificial infection is illustrated in 
chfirts Nos. 1 to 8. From these it will be seen that the birds remain appart*ntly 
unaffected until suddenly the temperature drops to a marked degree ; the fowls 
then become very dull, go off their feed and die often before any further symptoms 
are exhibited. The fall in temperature was tlic most striking and characteristic 
symptom of the disease, although in a few instances this was immediately preceded 
by an elevation in the temperature, as illustrated in charts Nos. G and 7. 
Occasionally birds died suddenly before any apparent disturbance in the temp(3ra- 
ture curve was exhibited, as illustrated in chart No. 4. Chart No. 0 is that of a 
fowl which contracted the disease naturally while under observation at Muktcsjir, 
and is included for comparison. It will be seen from this chart that the symptoms 
of the naturally contracted disease are very similar in all essential details to those 
observed in the artificially induced infection. 

Symptoms which were exhibited inconstant ly. and which arc seen usually, it is 
understood, in the disease as it occurs under natural conditions, are marked respira- 
tory distress, without, as is noted below, any 'post-morfem pathological lesion in 
tlie lungs ; a jirofuse discharge from the beak and nares associated with a very 
offensive odour arising from decomposition of the contents of the crop ; diarrhoea ; 
marked weakness of the limbs so that affected fowls arc unable to keep on their 
legs, and in chronic cases inco-ordination of the head and neck is seen. This last 
symptom has been observed in a few fowls which have recovered from the disease. 
They stand with the head bent backwards, often a])peaiing to be iiortnally at rest 
with the head under tlie wdiig hut wlien disturbed the head and neck are raised and 
marked inco-ordination is (exhibited, the head being waved in the air with irregular 
circular motions. With extreme difficulty birds arc then abl(‘. to pick u|) food, but 
nevertheless birds which have otherwise recovered hav(‘ been ke])t under observation 
at this Institute for many weeks exhibiting tliis disability to a V(*ry marked degree. 
Paralysis otlierwise h«as not been observed to be a marked symptom in experi- 
mentally induced Ranikhet disease in fowls. 

^ Post-Mortem Appearances. 

Except for an excessive quantity of saliva, or exudate, in the buccal and 
pharyngeal region, associated with a highly disagreeable odour, and possibly 
emaciation in the more prolonged cases, the only lesions that can be referred to as 
characteristic of the disease are discrete j)ctechiac or eechymoses found typically 
in the submucosa of the proventriculus, but also occurring occasionally in other 
positions in the digestive tract and very rarely in other organs, such as the lungs and 
peritonemu. A localized catarrhal enteritis is not infrequently seen in one or other 
of the following positions ; duodenum, caeca or cloaca. In the most acute and 

iJ 
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rapidly falal cases ilic carcase upon fORt-morlcm examination often appears 
indistinf»iiislial)le from 1liat of a healthy fowl. The most striding fact is the 
comj)leto a1)sene(‘ of any recognisable lesion in the lungs of birds which have 
exliibitcd perhaps cAtrcwe respiratory distress during life. 


Control Measures. 

Picsearch work undertaken at this Institute under the above head has been 
confined almost entirely to the laboratory, and the application of control measures 
in natural out1)reaks of the disease has not yet been attempted on any large scale by 
us. 

In view of the tenacious nature of the viability of the virus, it is remarkabhi 
that the disease was controlled with both speed and etTectiveness in the two 
outbreaks which occurred last year upon the farm of the United Provinces Poultry 
Association at Lucknow, referred to earlier in this paper. The floclc on this farm 
comprisctl as many as 1,300 valuable pedigree birds, and were it not for the prompt 
and energetic measures adopted by Mrs. Fawkes- An sell, the Secretary of the Associri.- 
tion, in combating the outbreaks, the ])ercentago of mortality amongst the birds 
exposed to infection would doubtless have run to a high figure. Yet the measures 
consisted only in destruction of the fowls exhibiting sym])toms, addition of 
permanganate of ]^otash or iodine to the drinking water and food of all non-afl’ected 
birds, and the Uhoral use of phenyle compounds in the houses and pens. Upon hotli 
occasions the disease was stamped out imnu'diately, with the loss only of the ufh'cted 
birds sacTificed. Experiments have recently hecn carried out in tliia Institute 
upon the possibility of controlling the disease by the appliealion of (1) serum 
derived from fowls tliat had recently recovered from tlie artifieially induced disease ; 

(2) scrum ])roparcd from donkeys injected with “ Panikhet disease virus and 

(3) vaccine prepared from organs of diseased fowls. 

(1) The results of a preliminary test with the fowl serum are shown in the 
following table : — 
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A further test upon the immunizing effect of serum derived from recovered 
fowls has just been completed at the moment of writing this paper (January 1930), 
and the results of this test arc summarized in the table below. In all cases the 
birds were injected with virus 24 hours after the injection of serum. 


Dose of serum 

Fowl No. 

Reaction 

Day of 
death 

Result 

lOc.o. . . • 

608 





S09 




5 c.c. . . . 

610 





511 

Just appreciable fall in 

All 

Immim. 


512 

temperature rm 2n(l day 

survived. 



r>13 

only. 



2 5 c c. . 

614 





615 





616 





517 




Nil (controls) . 

620 

3rd day 

4th nif^ht 

All fully susceptible. 

521 

4th day 

5th day 



519 

5th day 

5ih night 



518 

6th day 

7th night 



Tlie records of the ten fowls used in the above test are represented in tlio com- 
posite chart No. 10, which shows that a slight but distinct fall in tem[)erature — 
ap[)arciitly indicating a reaction — occurred on the second day after virus was in- 
jected. 

(2) In view of the distinctly positive results following the use of fowl serum, 
the completely negative results obtained when attempting to produce an anti-serum 
upon a large scale from donkeys has been very disa])poiuting. In 1926, an anti- - 
serum derived in a similar manner from donkeys had been found by the writer to 
bo of some value against spirochaetosis of fowls (due to Spirochieta anserina). In 
the present series of experiments, in spite of the encouraging fact that a distinct 
reaction occurred in the donkej^s, even when filtered moutli- washings alone were 
2 ;iveu intravenously as virus, the serum derived from these animals proved to bo of 
no value whatever when tested as to its protective value upon fowls against Rani- 
kliet disease ** virus. 

(•3) A vaccine was prepared from organs of diseased fowls after treatment with 
diloroform, on the lines introduced b^ Kelsor [1928] as a protective agent against 

0 2 













114 THK INDIAN JOURNAL OF VETERINARY SCIENCE AND ANIMAL HUSBANDRY [ I, U 


rinderpest or cattle plague, but tins proved to be equally valueless upon trial in 
“ Ranikliet disease It is of iutorest to note tliat in one experiment the virus 
definitely survived the treatniont with chloroform altliough tliis is held to be capa- 
ble of rendering the virus of cattle plague inert. 

Identity op ‘‘Ranikjiet Disease 

Since 1927, a not inconsiderable number of articles upon what would at any 
rate appear to be closely related to “ Ranikliet disease have appeared in scientific 
publications from many j)arts of the world. Of these mention may be made of 
‘'Newcastle Disease'’ in England [Doyle, 1927]’; “Avian rseiidopest in Java 
[Picard, 1928] ; “ Avian Pest in the Philippine [Rodier, 1929] ; “ A New Malady 
of Fowls due to a Filter-jiassiug Virus ’’ in Egypt |Ijagrang(i, 1929] ; and “ A New 
Poultry Disease *’ (“ Oellugelseuche ") in Korea [Odd and Hashimoto, 192!>]. 

The results of early work which was in [irogress at this laboratory at the time 
of the publication of Doyle’s artiehi [1927] had already suggested to Major R. F. 
Stirling, then Officiating Pathologist at this Insi-itute, the very considerable similar- 
ity that appeared to exist between Ranikliet disease ’ and “Newcastle disease." 
The results of experiments carried out subseqiumtly by the pr(*sent writer have now 
furnished him with definite confirmatory evhlence indicating a very dose similarity 
between the two forms of affeclion, as noticeable in their contagious nature ; the 
high rate of mortality amongst affected birds (in the euxse of “ Newcastle disease," 
Doyle estimates a mortality rate of about 109 per cent.) ; the infectivity of the in- 
ternal organs and month exudate of diseased birds ; lilterability of the virus ; the 
not infrequent noii-inocnlability of the virus with blood ; the respiratory symp- 
toms ; and in the findings, c.</., the occurreiKie of localized catarrhal 

enteritis in the diiodenura, caecum or doa(;a. On the other hand, the almost con- 
sistent absence of febrile symptoms in “Ranikliet^ disease " constitutes a notable 
point of difference between this ami “ Newcastle disisise," whilst the average in- 
cubation period in the latter affection, as given by Doyle, is also slightly longer 
than that observed in “Ranikliet disease." 

A striking jiroof that “ Ranikliet disease ' is, at any rate, immologically 
identical with “ Newcastle disea.se " of England and also with “ Avian pest ’’ in the 
Philippine Islands lias been afforded by a comparative test of the tliree viruses 
at Muktovsar.* It will be observed from the rcsiiHs Hiimmarized in the table 

* Tho writrr (losims to express his sincere gra I iUulo to Dr. Rodier, Pathologist, Veterinary Re- 
search Laboratories, Minala, for providing him with 8aTn])le.s of the viruses of both “ Ncwca.stle 
dtsoase ” and “ Avian pest.” the former having boon pn vit iwly obtained by Dr. Rodier from England 
from Mr. Doyle. These samples worn despatcdied to the writer in India in cold storage all the way 
from Manila, and Uio courtesy with wliich Dr. IL)dier has attended to tlio writer’s requests in this 
eoqneotioii is ehapieufc of the spirit of co-operation existing amongst veterinary workers overpeps. 
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below that, while fowls that had recovered from an attack of ‘‘ Kanikhet 
disease were solidly immiiiie to each ol the oilier two viruses, healthy fowls 
were fully susceptible to them. Couvt‘rsely, fowls that had recovered fnmi an 
artificially induced attack of “Newcastle disease pro ved fully resistant to the 
virus of “ Kanikhet disease*'. 

Susceptibility of Birds other than Fowls to Indian, Enclisu and Fiiiup- 

PINE VlUUSES. 

At the time of completing the writing of this paper, the results of inoculating 
pigeons with the three viruses relerred to above are becoming apparent. The 
reaction exhibited is similar to that occurring in fowls, v^xoept that in the pigeons 
now under observation paralysis of the legs and wings is an extremely well marked 
symptom. 

It is hoped that it will be possible to submit an addendum to this paper 
detailing the linal results of bijection of the viruses into pigeons as well as into 
some other birds. 


Summary and Conclusions. 

1. The disease described in this paper was liist recognised in India in lt)‘27. 

2. It is an acute, usually non-febrile. contagious and higbly inicctive disease of 
fowls, caused by a filter-passing virus and characterised by respiratory distress and 
high mortality. 

3. Keports have frequently been received of heavy mortality occurring amongst 
the crow population of infected localities. 

4. The incubation jjeriod in the artificially produced disease is ordinarily from 
3 to 5 days, but may be as short as 2 days or delayed until the 0th or 7lh, and 
exceptionally even the 14th day. 

5. The dmation of recognisable illness in the artificially produced (iiscase is . 
usually extremely short, averaging ojily if days, but the period may extend to 
ten days. 

0. Ninety-live per cent, of Indian country bred fowls used in transmission 
experiments proved to be susceptible to the virus and only ten per cent, of the 
nlfected animals survived. 

7 Except for the occurrence of petechiac in tlie submucosa of the proventiculus, 
post-moriehi lesions of diagnostic value are almost entirely absent. 

8. Emulsion of internal organs stored unpreserved in a refrigerator have been 
proved to retain their infectivity for periods extending to lOD days. 
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0. Serum obtained from recovered fowls is protective against the disease, but 
serum produced from donkeys proved to have no protective value. 

10. A few attempts were made to prepare a vaccine suitable for employment 
against the disease, but they were unsuccessful. 

11. The disease had been shown to bo immunologically identical by cross- 
immunity tests witli both “ Newcastle disease "" in England and “ Avian pest in 
the Philippine Islands. 
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Passage op Ranikhet Disease Vieus. 

Fowl No. 81. Fowl No. 34. 

Injected Virus 15-4-29. Injected Virus 8-12-28. 
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Passage op Ranikhet Disease Virus. 

Fowl No. 74. Fowl No. 25. 

Injected Virus 22-12-28. Injected Virus 20-1 1 28. 
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PRACTICAL FEEDING TABLES FOR DAIRY CATTLE IN INDIA, 


BY 

Captain C. E. MACGUCKIN, H.D.A., 

Aswlant Cmlroller^ Military Dairy Farms, Northern Circle. 

(Received for publication on 29tli January 1931.) 

It ifl easential, in tliese days, when science and business working together 
have made ‘‘ Standardization the main road to commercial success, that dairy 
farmers should also keep abreast of the movement. Of all the processes on 
a dairy farm, perhaps, the art of feeding cattle is the most difficult to standardize. 

The factors involved are numerous, many vary from day to day, and althougli 
an immense amount of scientific help, in the sliape of data based on accurate 
research work, is available, much of this data may be most misleading when applied 
to local conditions. 

In putting forward these tables, I, therefore, do so with diffidence and only 
claim that they fulfil three conditions, which wter alia, arc in my opinion, 
essential in any system offered to the ordinary farmer, namely : — 

(1) Tliey take into consideration the main factors involved in feeding cattle. 

(2) They are simple, as they require the minimum amount of calculations 

at infrequent intervals. 

(3) They can be easily modified to suit local conditions and the increasinp 

experience of the feeder. 

It is not possible, in a paper of this description, to examine all the data on 
which these tables have been based. I shall, therefore, merely, briefly discuss ilu 
main factors a farmer has to consider when comjniting rations, for liis animals ami 
Jiow these factors have been allowed for in these tables. 

1. Feeding value of poops being U*sed. 

For the ordinary farmer to obtain accurate analyses of the various foods he h 
feeding is not practicable. This applies especially to fodders, which form the biilf 
of his rations. Fodders, even of tlie same varieties, differ greatly in feeding valm 
de.pending on such factors as the soil and climate in which grown, time oi 
cutting, etc. 

In these tables fodders have been divided into four categories ; these have been 
found sufficient in Northern India without making the tables too complicated . 

( 124 ) 
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The quantity of concentrate mixture is fixed to hrin" the feeding value of the entire 
ration up to what is at present considered the most economical standard for the 
various animals. These figures arc based on feeding for the past 6 years, over 
3,000 animals scattered over the Punjab, Nortli-West Frontier Province and 
Baluchistan. 


2. WCRX PERFORMEO BY TUE AnIMAL. 

Tt is economical to feed individual animals according to the work tliey perform. 
See Tables B and 1). 


3. Size of the Animal. 

The surface area of an animal lias a \ery direct bearing on its food requin*- 
inents. Tills is most easily allowed for hy weiglit. W’^cight also plays an important 
()art in checking' the efficiency of a ration, especially for calves. Bee Tallies A, B. 
^ • and D. 


4. PlORlOD OK PniXJ NANCY. 

The nourishment of tlie growing foetus calls for lii-tle extra food until the last 
ew months of pregnancy. It is, however, important that the {inimal should b(? in 
'oo«l (umdition when calving, as this lias an apprcchiblc (^(let^t on its siibsccfiKuit 
r:old during ihe la,ctation. Sei^, itable (h where an allowance has been made for 
pregnant, cattle from “ 3 months to Cidve onwards. 


5. Climate. 

Tt has been found that cat.tle need ext-ra rat ion during tiio winter months 
n some parts of India. See Table E. 

6. Mineral IIeqijirements of Cautle, 

This question is still to some extent in the experimental stage. See Table F. 

7. InMIIVJ DUALITY OP THE AnIMAL. 

Never mind wbat system of feeding is devised to suit the average animal, 
•here will he certain individuals wbicli it will, obviously, uot suit. Such animals 
^iRist be given special attention and tlicir rations alt er'ed arjcordingly if economical 
^lo so, otherwise they should be cast. See (8). 
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8. Condition of the Animal. 

For the intelli^ijeTit application of any system it is essential that the farmer 
should continually study the condition of his cattle ; this will give him a good 
indication as to whether he is, or is not, feeding correctly. 

At least once a week ho should go round his herd and after carefully inspecting 
each animal mark up its condition. See Ration Statements T and II (5). 

9. Percentage of Pat in the Mti.k. 

Most authorities make an allowance in the ration for the percentage of fat in 
the milk. I do not think it is worth the trouble involved in India. The marked 
difference between the percentage of fat in cows’ and buffaloes’ milk, appears to 
be compensated for best by an increase in fodder for buffaloes ; thrse animals have 
a remarkable capacity for utilising fodder and thrive better on a wider nutritive 
ratio than cows. 

I must acknowledge the many valuable suggestions which I have received from 

i.ime to time and which are embodied in these tables from Mr. H. B. Claxton, 
Deputy Assistant Controller, Dairy Farms, Mar)ag(‘TS of Military D.iiric^s in the 
Northern Cindes, and from Mr. Balwant Singli, M.Bc., Agricultural Research 
Chemist, Military Farms Department. 

CoNDirroNS necessary for the successful working of these tables. 

To work these tables— in fact any system of scientific feeding — the farmer must 
carry out the following - 

(а) Weigh the concentrates to be given to each animal. 

(б) Weigh the fodder to each group of animals receiving the same fodder 

S(3ale. Individual weighment to heavy yieldcirs. 

(c) Feed the concentrates dry. This is almost essential if each animal is to 

receive its correct weight of concentrates at eacrh meal. 

(d) Ensure that an animal is not robbed by its neighbours. If j)roper standings 

and troughs, which fulfil this condition, cannot be provided, then 

animals must be fed in buckets. 

(e) Compute correctly the quantity of ration each animal should receive ; to do 

this the farmer must maintain these records : — % 
i. Daily, or at least weekly, milk records. 

ii. Register of services (Appendix III). 

iii. Register of weights. The following weights should be recorded : — 

a. Calves : — At birth and then weekly till 9 months old. 

b. Young Stock (9-18 months) : — Every two months. 
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c. Aiiiiiuils uv(‘r 18 iiioiil Ji.s - 

1. .Milkinj^ licrd. Every laetaiioii a week after calving. 

2. Tlie ri‘sl, every year. 

N'n’R. -Ill lh(^ o;i,s(^ of fanners ivlio (1 (j not pussess, ureamiot <»htaiu the iiso nf a vveijj;Iil)ri(l^e, tor 
weiL’hiii^ lUiiiaals, appioxijiiate W('iLilils may he arrived at hy nieasureiiii'iit as follows - 
ydrtli - -[heii^^di • d o -li\e weight in pouiid';. 

'I’lie l(Mi,u(li of an animal is taken strai.uht alojio ||„. froni tin; sijuan; of tin; slionider to 
the s((iiare of tlie lailloek and tin* eirih immediately behind the slioiilder. 

The measnrement should he taki ii in i«‘el. 

iv. I\a.i ion records. 

For llie inloi Jiin,! ion ol tlie fanner who lia.s never mainlninml sneli data before, 
and is, Ihen'loiv, rather doubt fill as to tlie tyne of foi in in whieJi this 
data shoidd In; reeorded, I have given a sainple of some furiiis as 
appendices. 


The (V)Ncemhaie Mixiure. 

The e-uneentrate iniy l ures are lixed for the tigures iu the, l:ibli‘s as follows : 

'Table A. I pari ej iislied oats, 1 pa.rt liu<;]y ground liiis(‘ed eiiki*, and J pa-rt 
wln'at bran. 

dVibles B, (h D and E. 1 paats wlieat bran, 2 parts ground loritf, cake, 2 [larts 
gram busk, I [lart gram. 

ItL certain lo<'*alit i<‘S S(\me other mixttnx* may In; more economieal and it is 
obvious that if mixt tires very diiyereni in fe(‘ding value an* led, instead of the 
nnxtur(\s above, then the tigures in tin* table.s will re(|iiir(‘ alteration aeeordingly. 

A farmer making up a (nmemit rate mixtiirt*. to suit his locality, should ask 
himself tin; following fpiesiioris eoncerning the ingredients 

(a) Are they ])alatable ( 

It is advisable to onlv feed laatth; on foods tlu'V ill C‘dt readily. .tlft(;n, 
liowever. foods disliked by eat tie when first given, are lafer on relisht'd 
wJiim they have developed a, taste for them. 

(h) Are t1i(;y olitainable tliroughout the year ( 

Except in very sp(‘cinl eirciimstanees, it is mure satisfactory to make up the 
coneentTate mixt urt; from foods available throughout the year. Provided 
a concentrate mixture is suitable, it »s a mistake to change it^ fref|uently, 
as most changes, even if theoretically beiiethdal. iu [iraetice bring about 
a reduction in milk yields lor a certain period. 
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{()) Are Mloy of suflioioofc variety ? 

[t is saf(ir to feed at least throe difTorent foods in the concentrate mixture. 
I^.y (lifTercnt foods I moan foods from difTerent sources ; for (example, 
lins(‘,(^d cake and ^ram are dih’erent foods hut not wlieat bran and wheat. 

(d) What is ili(*ir lo(;al ^ost in relation to tlieir feeding value ? 

'Flic hsiding value of ojie food in comparison with another even when only 
considering dairy cattle, is a question on which there is much difference 
of oj)inion. I, however, give some figures in Table I which may help the 
farmer in making up his mind as to what to feed. 

Tahhi I will also be founil very useful in making corrections in the ‘‘ Feeding 
Tables without too many calculations. 

For (exam])le, if instead of 4 parts wlieat bran, 2 parts loria cake, 2 parts gram 
husk and 1 part gram, a farmer wishes to feed 3 parts linseed cake, 1 part barley, 
2 part.s wheat, bran and 3 parts gram husk, he would make tlui following calcula- 
t ions : — 

4 Wheat bran ™4 x 13— 172 uni Is. 

2 'I’oria cake — 2 X 65--= 1 30 „ 

2 (tram husk '=--2x25= 70 „ 

1 ( tram -= 1 X 68 -.r 68 „ 

9^440 

I II). approximately 4S‘9 

3 IjnseoO <Mko 3 x74 = 222 units. 

1 Ikirley 1 x7J 71 

2 Wheat bran “2x43 86 „ 

3 (tram husk »=3x35 105 ,, 

9^484 

1 lb. approximately r>38 

Tliat ia, iipproximatcly 10 |)oiin(Is ..f the .stiuidiirO luixtiirc is equal to 9 poiincls 
of the now. All li^iinis in the tables should, tliereforo, b(! niull.iitlied by 9 and 
divided by 10. 

In revising tli'- lA'.ediug Tables the farmer should only work to the nearest, 
pouud. 

In Table! i it will bo n(>tic,<'d that the f.icds ar.! divided into 3 categories and it 
has been advis.id that, oidy a certain pcrcenlagc! of each category should make nj. 
the t.otal mix! lire. This Inis been done to ensure a snllieieiiey of digestible i>rotein 
ill th(! mi sl nre. When the fodder is legnmiiious, these rcslrietions may he relaxed to 
some extent.. In India, however, protein is eomjiaratively eli(>aj). therefore, a ration 
containing only the ininiianm protein requirements may not be the most (iconomica) 
one. 



FEKDTNn TABLES FOR DAIRY (UTTLK IN INDIA 




A certain quantity of wlioat bran should be. a feat ure of all mixt ures fed to the 
milking herd as it is an e.xeelhmt feed for sueli animals, and at- the, jn ico at. whic^h 
it is usually available in India, good value for money. 

Table 1. 
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F|5FD1N0 

FOR A.X'I’TOIPATEI) Yift.d. 



T^'armers should f(H*d an 
herd in anticipation of yields 

increased concentrate ration to aniinaks in the milking 
in the following (;as(‘3 : 


(a) W hen the lierd shows a 
weather, the previous wr 


sudden falling off iii milk diU‘. to a s])ell of bad 
ek’s milk yield may l e. idlowcul to stand, so as 
to give the herd an extra eoneentrate ration in anticipation of their 
recovery, 
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(b) \VJi(iii fin fininial cfilv'cs. it niiiy bo fed extra cojiconiratc Dition in anticipa- 
tion of what it is to give. For example, if it is anticipated that a 
cow will ^iv(i 30 Ihs. ;i «lfiy, it nmy he fed as if it was acd/iially giving this 
finioiint. If it n^aehes 30, it may he fed for dO and so on. 

This is sii})jeet to the following restrictions : 

i. d’he anticipatory coiHrentrate ration should not be continued beyond 
;i jiionlli from calving. 

ii. TIk'. jint icnpfitory concentrate* nit ion should not Ijc for more than 10 H>s. 

of milk fibovc what the fvnijiial is fictnally gi^■ing. 

iii. If the. anim;il shows Jio ijicrcjise in two weeks, or t he increase is only 
slight , (In* ant icipiitory concimt ifite ration should be stopped and 
jininial fed according to its a<*tual yield. 

Note. W iM'jK'vcr an aiiiinal is Lwl an .ml v t-mici n( late latifii, llin ajil icij .iicil (an 

lift \vn Ill'll ill tin* form (A|)JK'ii(Ii\ II) in inl ink o\n- llu- jnliial \it'!(lin I'lfn k ink. In llic caM' of wlioln 
lirrU I)i‘in}>: tnl extra latni I'nlrali* lal ions. Hio tann' |>ru((.ilurt‘ lan la* lollowi d. 'J’lie akove not 
iiK'luilo an animal liavin^f ,i drop in yield due to an illnes,s. Nndi cubes are provided for under column 
5 of the above form. 

Explanation ok lj.ttkr.s and numbers embodied in the Tables. 

(/i) .\11 numb(‘r.s niih‘s.s othcM’wisc* stiiti'd denote pounds. 

(b) In Table A no changi* in the concentrate mixture scale is made for fodder 

fed. 

(d) In the case of Tables Jb C and 1) tlic quantity of concentrate mixture 
aIlo\ved will (Ie|)cnd on tin*, fodder fed as under ;• - 

(1) (\mcentratc mixture, under Semh* A should be given when all the fodder fed 

is dry ; siicli jis bhoosa. larbi, dry grass, etc. 

Important. It i.s never advisfible, if it. can possibly be avoided, to feed, 
‘‘Specially to cows, oidy dry fodder. 

(2) thmeentrate mixture under Scale should be given when approximately 

75 per cent, of the fodder is dry and 25 |fer cent, green or 100 per cent, 
early cut find well cured hay. 

(3) Concentrate mixture under Scfile C should be given when approximately 

50 per cent, dry and 50 per cent, green fodder is fed. 

(4) Concentrate niixlurc under Scale D should be given when 75 per cent, or 

ovoi* of green foiider is fed with 25 per cent, or less of dry fodder. 
Important. It i- never advisa-ble to feed 100 per cent, green fodder to 
cattle especially if the fodder contains excessive moisture. 

Note 1. Roots lud sikice count as <j:reun fodder. 

Note 2. Wheh ?:ii t n fo idcr with an excessive inoisturo eoiiteiita is fed, e.g.^ bersceiiif roots, etc. 
.15.1 P‘>r »-ont. oxtni to what is allowed under tUo green fodder category should bo given. 
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Note 3. In cases when a mixturo of dry and green fodder is fed not exactly in the above 

proportions, the farmer should feed in the nearest category using his own judgment. 

Note 4. Green fodder out too dry to bo classiliod under green should bo elassiliod for quantity to 
feed in categories c (2) and c (3) according to its moisture eonlents and the concentrate mixture fed 
accordingly. Somi dry fodders containing an appreciable quantity of grain should be classified for 
quantity to be fed as above but tlio concentrate mixtjire should bo fed as per Scale D. 

Note 5. If fodder is not challed or cut up, 20 per l ent. extra should be fed. 

Note 6. When grazing is available, it should bo classilied into c (2), c (3) or c ( I) according to its 
’moisture contents and the quantity of fodder fed decreased as follows : — 

(a) When grazing is fair 2r> per cent. 

(b) When grazing is good 50 „ 

(c) When grazing is excellent ....... 7o — 100 

Animals on permanent closely grazed yet abuu lant and green nutritious pastures should be fed 
on concentrate mixture Scale I) less 50 per cent. 

It is ditliciilt to overestimate the advantage of natural permanent nutritious pastures fv)r economic 
milk production. 


A farmer lia.s, amongst otliers, tiu*. followitpr nniiuals in his lund ; 

1. A cow weighing 700 lbs. and giving 15 lbs. of milk daily. 

2. A cow weighing 850 lbs. and giving 32 lbs. <»f milk daily. 

3. A buffalo W(M‘gbing 1,100 lbs, a.nd giN ing 30 lbs. of milk da,ily. 

4. A bulfalo w<*igirmg 1,310 lbs. and giving 33 l])s. of milk daily. 

5. A calf weighing 80 lbs., M days ol<l. 

0. A buffalo weighing 1,100 Ib.^., t(> calve, in 1 month. 

7. A cow bull weighing !)50 lbs., in service*. 

He intends feeding as fodder 50 per cent, hhoostt, and 5<1 j)er cmt-. chadVed green 
jo war. 

What (juantity of concentrate mi.xt nn* (St ;inda.nl), hhoitsa a.nd grren should 

eacdi animal receive? Tlie nuuin tenipera-t nr<‘ in the eat ih* sImmIs dining t he week 
was 75‘^ V. The condit ion of all animals is good, 

From Explanation of letters and nnmlxns emhodird in I h<‘ T;i.l)h‘s e (3), th^ 
coneentrate mixt ure should be, fed nn<h*r SeaJe (k 

From Table r> 

Cow No. 1 would ree,eivo 0 lbs. concentrate mixl.nn*. 7 lbs. hhoo^a and 3,5 lbs. 
green jaimr. 

Cow No. 2 would nMieive 0 ll)s. concent rat* '* mixkiire.. 7 ll>s. hitnosa and 3,5 lbs. 


green jowar. 
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Bullalo No. would receive 10 lbs. concentrate mixture, 11 lbs. bhoosa and 
55 lbs. joivar. 

Buffalo No. 4 would receive 1) lbs. concentrate mixture, 12 lbs. bhoosa and 68 
lbs. green 

Notk. Oow No. 2 and Bulfiiloua Nos. II and 4 {jel extra rations for weight. FoddeiH aro worked 
out to tho nearest })ouiid. 

i roni Table A : — 

Call No. 5 would receive 12 lbs. of milk a day. 

From Table C 

Buffalo No. 0 would receive G lbs. concentrate mixture, 11 lbs. bhoosa, and 
55 lbs. gieen 

Noti;;. An extra 2 lbs. ol e4*neenlrato niixtiiro is given for being near ealviiiL';. 

Cow bull No. 7 W(juld receive 4 lbs. conceutralo mixture, 7 lbs. bhoosa and 
lib lbs. green jo/mr. 


Kation Tabljo a. 


For calves wp io V months. 

Bat loll to ])c led for every 10 lbs. body weiglit. 


1st day 

2ri(l to II id day 
I 111 to Util day 
1st to 11 rd week 
4th («» bth \vei*k 
(itli to ‘Jlh ’.seek 
lUtli week 

1 1 th to IT ) 111 wci'k 
Ibth to I7tli week 
iSIh to I Dili week 
2Ulh to 2 1 St W(‘ek 
22ud IKStli week 


I Iain’s 

eolnsli mil 
lbs. 


1 

II 


Milk 

lbs. 


Milk 

lbs. 


mis lure 
lbs. 


J/2U 

l‘/lt) 

l/II 

I/I2 

J/10 

1/8 

1/8 

1/10 


FODDKH 


»Sej»araled Uoiieeii I rate tj 


UANTITV TO 
liE I' lOD 


Jf all 
dry 

lb. 


1/0 

I/O 

1/0 

1/5 

1 

i 


. If ail 
I green , 
' lb. 


No. of 
tinie-i to 
be toil 
daily . 


■i 

a 

i 

1 

u 

1} 

H 

H 


NotkI. l!ati<.iw ai.MilJ 1,0 oul Ihr i.oaiest pound in the capo uf cuh-slruin, milk, 

sejuvralcd milk ami ItMlder. and to the I pound in tho Oa. o ui ee- eutrates. 

Nutb If a ualf ,lous nut gain approxinmleK 7 lbs. a week up to 4 mouths old, it sh(,uld receive 
liid i V idu al a 1 1 enl ion. 
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Ration Table B. 

For the milkivg herd weighing nj) to SOO Ibfi. 









FOUDIilt 

Daily milk yield 

lbs. 



CoJiCENTRATB MlXTUltK 

(Quantity to bk fki> 




A 

H 

0 

D 

If all dry 

' If all green 

1 ;i . 

« • 


! 

5 

3 

<•> 

... 

14 

i 

70 

y — 0 • • 

• 


0 

1 


I 

14 

70 

0 d . 

• • 


7 

6 

3 

1 

11 

70 

•J~12 

• • 


8 

0 

4 

.» 

14 

70 

i 

12-16 



1 

y 

7 

5 

3 

It 

1 

i VO 

16 -IS 

• • 


' 10 

S 

0 

■1 

14 

1 70 

IS 21 

* • 


11 

0 

7 

5 

! 

14 

70 

21 -2'J 

« « 


12 

10 

S 

0 

14 

70 

2 1 27 



13 

11 

« 

7 

14 

70 

27 :;b 



1 i 

12 

10 

s 

If 

70 

:]o 



15 

13 

11 

'* i 

It 

70 

2m{ oO , 



10 

11 

12 

10 ! 

It 

70 

r>«i 



17 

15 

13 

11 

14 

70 

:vj '\2 




10 

1 14 

12 

1 

13 

05 

12 tr, 



10 

17 

15 

13 ^ 

13 i 

O.'i 

J5 48 



20 

IS 

K 

1 1 i 

1 

12 

00 

IS rd 



21 

10 

17 

15 

12 

00 

61 r»4 



22 

20 

IS 

10 ; 

11 

55 

64—57 



23 

21 

10 

17 1 

1 

II 

55 

67 ()0 



24 

22 

20 

IS 1 

1 

10 

50 

60-011 



25 

23 

21 

10 1 

1 

10 

50 









i 
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Extra ration to he fed for weight. 

ADD THE FOLLOWING 


Huffaloes Cows 


AVoight in Ihs. 


Coiiceii irate 
mixture 


Fodder 


Conoentrato 

mixture 


F. 

ddor 


A 

jJ 0 I 

D 

If all 
dr. 

1 : 
j If all : 

1 green 

A 

B 

(J 

1 

]) 

Jf all 
• Ory 

If all 
green 

S0()-l,0fK) . 

2 

Ti ... ^ 


7 

:ir> 

2 

2 

1 

1 



1,000 - 1,200 . 

( 2 

1 ' 

... 

8 

40 

3 

3 

o 

I 

. . 


1,200—1,400 . 

. ' 

2 1 i I 

J 

9 

; 45 

4 

4 

3 

2 

2 

io 

Over 1,400 . 

. : A 

:i. 2 i 

2 

10 

i .50 

(> 

5 

I 

3 

3 

IT) 


Notk 1. 'Po fncililato focd’mg c' ‘ lU fotLle; to lioavicr animals, nnijimls slioiilil ])C grouped in the 
cattle hIiccI according to tlvir weights and fodder weigh< ( I out f^r certain groiip.s and not individual 
nniiuals. 

Noti: 2. Th(‘ extra ration to he fed to hiillaloca for \v('ight also includes a “fat in milk *’ 
nllownni c. 

Note IL Jdie (‘Xira allowame for cow; for weight will practically oidy aflcjit aiilmala with 
imported hkxd. .SiicJi animals reepdro a liiglmr nut riti\a* ration than oithe,* countra civ.vs or hulfalocs. 

No’I'B -I. As all animals slioiild In* drio«l oil tw*> months Ixdoru caking, an e\(i‘a ration scale for 
irregiiJint y is not necessary under this Table. Soa 'Pcble U. 

IJation Tap.lf ('. 

For (o) Aninuls ovit ‘d inonllis old l)ut not in ndiill 

(h) Adult- fiMiiiiirs not iti milk. 


/. Cows. 


l-’ODDFdl 


( 'o\(M',\TU \'v\: M tx’i'M'.r. 


Wei'.ht in lbs. 





OU.WTITV 

TO HE I'En 


A 

n 

0 

1) 

If all dry 

If all gieoii 

Under 10;1 , 

1 

3 


2 

(1 

30 

400 '000 ... 

(i 

i 

1 

o 

s 

10 

r,i:o s(K) . . • . 

S 

r, 

t 

3 

10 

.50 

SOO 

0 

r, 

y, 

3 

1 1 

(it) 

1,000 -1,200 

i 10 

7 

r, 

.3 

ir 

7.5 

1,200 -1, 4* )0 

! II 

s 

0 

4 

10, 

SO 

Over 1,400 .... 

! 12 

•) 

ti 

4 

17 

8:5 
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E.rfrd- cohCdHlrafc )}tf.rin/d In hn fed fo (ini nulls in rnJf. 



Notr 1. Aniiniils should bo !j;r(in[»o(l nrcordinv, 1(» Mioir for foodiii-; tli(‘ fdddo’ r.il.ioii. 

N'>TR 2. JOvcry auini.il sIkhiM Ik; liod up MO]>niat('ly I.o n'coivo thoir ooiifonfralo This 

liaiidlin^i; not only ciiMiiro^ that each anitnal actually coiifliumes i(.s cont'ct ration l)i]t |p'(‘ai ly laeililaln.s 
the aub:H(*(jucnt handling in tho milking .shod. 

Hatton Table I). 

/. For adnU. c.o>r hulls. 


('nN('i;NTi:A'ri: Mi\ti'i;i’. 


Weight in lbs. 


IJndoT l,00i) 
l.BOd -1,20() 
1,20:) 1, 400 

Over I.I'iO 



' (^Ol ANTlTV 

^fo 

UK I'Kl) 

\) 

If all dry 

if : 

dl gro<‘n 


11 


70 

r, 

1 1 


70 

7 

Hi 


SO 

0 

IS 


00 
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2. For aduU buffdo buUs. 


Weight in lbs. j 

COKOENTRATE MlXTUltK 


1 FODDER 

j Quantity to bm md 


A 

1 B 

C 


If all dry 

If all green 

Under 1,000 ... 

6 

4 

3 

2 

18 

90 

l,(X)a-l,200 

8 

5 

4 

3 

1 20 

100 

1,200 -1,400 

9 

7 

c 

5 

22 

110 

Over 1,400 .... 

11 

9 

8 

7 

24 

120 


KoTjfi 1. If a bull is kilo, the concentrate iiiixluro should be reduced by 33j i)cr cent. 


Table 15. 

TIui farmer should feed extra ration to his cattle during the winter months as 
follows : — 


If the mean temperature of the week inside the cattle- Nil. 


shed is above ....... 

J f the mean temperature of the week inside the cattle- 
shed is between ...... 

70® F 

()0®- -70® F 

1 lb. of 

cuneentrato mixture. 

If the mean temperature of the week inside the cattle- 
shed is between , . . • • 

50®^-00® F 

2 lbs. 

ditto 

If the mean tomporatiiro of the wet k inside the cattle- 
shed is between ... ... 

40"- -50® F 

3 lbs. 

ditto 

If the mean tcm[)oraturo of the week inside the cattle- 
shed is between ...... 

30"--40® F 

4 lbs. 

ditto 


NoTi'3 1. The ab<»vo extra ration .should only be fed to adult animals. 

Notk 2. To obtain accurate ligures a.s to the actual temperature elTecting the animals, the farmoi 
should hang a maximum and minimum thermometer in the cattle shed. If he has .several s1ic<1h varv- 
iii'/; greally in construction with ivsulting variations in daily tnuperaturrs, he should hang a thermo- 
meter in each shed. 

Noth 3. The scale of extra ration to l>e fed for tfinperaturo giMii abo^e is based on temporaturo.s 
prevailing inside the cattlcshed, where the cattle are housed during the major and eohh'st port, inn of t he 
2-1 lioiirs. This will be higher in the winter and lower in the summer than the temperatures shown in 
the official meteorological rejwrts. 

Notk 4. it has been assumed that when the mean temperature inside the shed falls below h 
animals will be bedded down, and when it falls ljol(»w 50® F each animal will be jhonled u]) during the 
night. 

Notk 5. The farmer should bo careful to see that whilst his animals get ample fresh air they aoi 
not exposed to draughts, and do not have to lie on wet standings, sodden bedding, etc., as no amount 
of food will make up for actual discornfoit. 

Notk 6. A-s a rule it is sufficient to make additions to the ration for tern] eraturo once a week, in 
the case of a sudden marked drop in temj)eraturG the farmer may find it advisable to increase his ration 
immediately. 

Note 7. The mean Lom|^>oniture of the week can bo calculated by a<Iding together the daily mean 
lemporuturo of that week and diviiling by 7. The daily mean temperature is an ivod at by adding 
toguthor the minimum and maximum tem|K'ralure of the day and dividing by two. The minimum 
and maximum tompcwatvire should bo taken daily by the i>ertfOn-in- charge of the cattleyard at 10 a.m. 
and lecorded in the temperature record book. 
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Table F. 

Mineral feeding, 

Gouorally speakin^», ilio (laii»i;cr of mineral deficiency in tlie dairy animals ralioii 
in India is ever pn^sent. Althouf;li little experimental work has been done on this 
subject, it appears that this danger is dependent to some extent on the following 
factors : — 

(1) The milking capacity of the herd. It is considered advisable to feed a 

mineral ration to any herd with a lactation average of over 5,500 lbs. 

(2) The perc(intage of dry non-legnininons fodder fed throughout the year. 

Mineral shortage is very likely to manifest itself in thosii herds ri'ceiving 
little or no green fodder, especially if the concentrate mixture also has a 
low mineral content. 

(3) The percentage of imported bloo<l in the animals. It seems that animals 

with im])orted blood require a higher standard of available (or more 
easily available) minerals in their food. 

(d) The locality. A little data has been collected on this point, but it cannot 
be discussed in this paper. 

Mineral deficiency is often indicated by malnutrition, contagious abortion ('^), 
the birth weight of calves or milk yields. The last is not very informative, unless 
studied in conjunction with a large amount of accurate expcrinientjil data. 

As a guide, if the weight of calves born are consistently below the following 
fijrmula, then deficiency of minerals should be one of the factors suspected. 

call ut birth. 

Male calves usually weigh about 20 per cent. more. 

If mineral deficiency is suspected, minerals should be fed daily to animals over 9 
months old in the following proportions : - 

(а) Animals 9 mouths to 2J years ...... 2 oz. of uiixture. 

(б) Animals over 2i years ....... 4 oz. of mixture. 

The mineral mixture should consist of : — 

Steamed bone meal ........ 40 lbs. 

Ground limestone .... , ... 20 lbs. 

Common salt 

The mineral mixture should be measured out for each animal and well mixed 
with the concentrates. The quantity allowed being divided up according to the 
number of concentrate feeds an animal receives. 
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Tablk G. 


Sail. 

adult anidnal sliuiild rec*(*iv(3 approximately one ounce of salt per diem. 

TJiis may be f^ivon : - 

(a>) As rock salt hung up so tliat an animal can lick it whenever desired. 

{b) As fine salt in the grain mixture. 

The former is preferalde. 

When a mini'ral mixture is fed, there is no ne(‘d to feed an ext-ra (jinintity of 
salt. Rock salt may, lujwever, continue to be hung up. 

Tai;lk 11. 

Wafer. 

The inijinrtane-e of water is (dten forgot.t<m by farmers. Unless the milking 
lim'd e.au gcd. t h(‘ir full re([uir(‘ment-s. tlie yi<‘lds. <h'S|)ile u.ny feeding, .are, lioimd to 
snibu'. W ater should be provided in. evi'ry paddock fre(pient)‘d by tlit* herd. If 
tJiis cannot, be doinv they should Ix' givmi plenty of tinn^ at the wateiiiig place to 
sjitisfy tlnur thirst at least, four times a day. 

In the hot weathm' the n<‘(‘d for wa.t(‘r is. of e,ourse. (‘vmi gn*.at(*r. 

W hen tli(‘ m(*a.ii tmnperatiire of tin* wetdc drops Ix'low lo' h. t.lu' drinking wider 
should Ix^ warnuxl. 

Automatic watm'ing bowls in the sheds an‘ (‘onveriieiit. and apjueeiated by the 
anima.ls but not. a ruMjcssity. 


AlU'KNDl.X 1. 

riie form given overleaf has Ixam drawn u]) to facilitate rationing the milk, 
si'paratt'd milk, and concentrates fed to calves as j>er Tabh^ ‘ A '. 

Note I. Ifx tjilf is TUil. making Hatlsfactory proEn'css, a sliulillv ijicrcasod ml ioii t l):in lhal laid d»>wn 
iiiTalilr ‘A* may U’. ^iv«’ii. Tlu' cxi la rat inn .slmiild I»r writ On in ri*d ird\ after flic^ staiidaid ralinii 
and roiinecled willi it. by a si;;n. As a ‘'iiidi*, up In Mic aiX' «»f f.mr mnnllis, I ho \vei'.5lit. nn ))ii*M>in 
jiminils />/'/''■ a;^e in days slaxdd not he less (liaii Mie pri'sonl. \vei;i:h(. in pni.iids. 

Nn’i'K ' 2 . d'la* h.lal milk, .sejnuded milk and enn<ent J’fltes issued fnr the day ahmild emmoed. up 
with Hie ntlier a< .•niint.s maiiilaiiiod on Hie farm. 

NnTK a. (^dves h.iiii al’ler Hie ('oinnienef'tiK'iit. nf the ratinii "taii'meni week eaii he entered 
thmemi. 

*^Notk I. For ennvc.i:ieu<H\ all ealves, irrespeelivc nf age, simiilj he, weighed mi Hie day the ration 
statement, wei'k emimaav es. 'IMie ]>re.sent weight iiidicaten weight- nn that day- 

NnrK 5. (^dn^tnlm fr.nn t h«’ dam shnnUJ ho fed to the ea If fni* tlio first four flays. This should 
he shown us milk m the ration statement. 



Date, 
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Ha! ion Stafcnkcut I for calvt-i J roia birlh lo ttino inoHfhs for wcolc vndiiaj 


Nuinbci* 






1 






N’ariio 












Wci.^lit ini Inrtli 











■ 

ill (lay.s 





1 

1 







Bre.seut wei.5^1ib 





! 

i 







f Good 

1 





1 







1 ' ■ ■ 

Cmiditinu -J Fair 





! 

1 







I Bad 





I 







.\riik 




' 

i 




■ 



Milk 












Conceiilrate.'i 












Milk 












Sop. Milk 












0 nneontriite.s 












Milk 












Sop. Mdk 











__ 

(Jon cent rat oa 












Milk 










1 

Sop. Milk 



' 'l 







l" 

Coacoiitrato-; 





1 ” 






Milk 





- 







Sop. Milk 





i 




■ 1 

1 

Concentrates 


■ 

1 



! 





Milk 


1 

! 



1 




i ! 

Sep. Milk 





! 



1 

1 


Cuncentratt\s 





. - j 

1 



! 


Milk 






i ■ 

1 




■ ‘ 


Sep. Milk 











" 

Concentraie,s 






1 








‘lanapt-r .if the Farm. 
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Appendix TI. 

The form overleaf has been drawn up to facilitate the rationing of concentrates 
to adult milking stock, dry stock, bulls and young stock over 9 months, 

Notr 1. It is a«lvigabio to uso a separate form for dideront classes of animals. 

Nutk 2. In column 6 * milking average for tbe week ’ of otiurse only applies to animals in milk. 
By ‘service’ w meant whetlur bulls arc in service tir idle. These animals should be marked 1 for idle 
and S f<ir service and fed accordingly, sc-e note to Table I). 

Notb 3. In column 7 ‘ month to calve * only applies to adult female not in milk (Table C). 

\OTiB 4. The ctJiiditioii of the animal sliould be noted in column 5 by using the appro]>riat(^ letter. 

If the animal is too fat, the ration slioidd bo reduced and if its conditijin is bad, the ration Mlir)ul(| bo 
moreasod. See colunm 10. 



Ratio}' Staf€7n€i'.t 11 for will'i/ i/ ,^rocl\ dry ^tocJc. hidls ai^d young stock over tn}te months for the week ending... 
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Total 
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Aiten DIX 111. 


Tlic form b(.‘low lias boon drawn up to facilitate the acrviiig aud drying olf 

of animals at Ibe proj)<*r lime and estimating with reac^onable accuracy the calving 
(late. It is necessary to Jiave the latter information to utilise Table “C 
e(>rn‘(;tly. 

Notio J. Niuiicu of ajiiiii.ils ^sliuiiM bo oiiIcicmI on (Imh Klaloiiicnt aa they culvo. 

iNotk 2 . Tlio dalo aji animal .should b(^ .s(‘i vod aflor oalving dc|Kauts i.ui a largo iiuiubor of fauU>r.s 
whirli iMjinol/ 1)0 disfuased iii Ud.s paper. 

X<n'E .‘h The dale of .s<Tvd( o sht*uld bo writleji in peueil unlil il i.s dolJuifoly known that Mio animal 
lia.s hel<l to that .service. 

Notk ‘1. TIm! ilale of diying otf will dep(‘nd I'li scvoral fai lois bid. a.s a ndo .should be (>0 daya bofoi'o 
till! animal i.s dut^ to ealvo. First . aUer.s .should imt be Kept in milk over ItCb days. 

.NuTK t). The datiMlue to e;d vo will bo approximately thito of service yi/z/v 282 day.s for ei>w.s and 
tlal(; ol .s(‘rv i( (5 jihi'i IlUb day.s l(»r bidfaloes. 

Notic 0. T'lio actual date calved .should bo reeordtal in Ibe .statement to facilitate eheckiug tho 
eoi reetjK s.s of .service recorded. 

Notk 7. From thi.s roeuid tho actual number of animats to calve in future nionlbs can be easily 
tabulated. < 


Service and calving slulemenf. 



EQUINE MICEOEILARIASTS : A SHORT REVIEW OE THE 

LITERATURE.* 


BY 

S. K. SEN, M.Sc., F.E.S., 

Proiozoologiti, Imperial Institute of Veterinary Research. MuMcsar — Knmaun. 

(Hooeivecl for publication on 17th January, 1031.) 

Of late, inquiries have been addressed to this Institute concerning any knovin 
•emedy suitable for apjdication under field conditions 'in the treatment of inicro- 
ilariasis of the liorse, and before the Institute felt itself in a position to advise 
lie correspondents concerned, the present writer was asked to })rei)arc a resume 
)[ available literature on the subject, not only setting fortli therein the main lines 
litlierto evolved in the treatment of the disease, but also indicating, in the first 
)lacc, the extent to which the disease has been regarded by various workers as a 
norliid entity of any importance as affecting the health of the equine species. <^In 
ivliat follows, it is proposed to discuss, as briefly «ns possible, (certain points of 
nt crest that emerged in the course of an analysis of the fiudings recorded by tlio 
lifTorent workers. 

The Si’E(HES of re(J)^i)ed from the blood of Equtnes. 

A perusal of the available litiwature shows that only two species of micro- 
ilariae have been definitely recorded from the circulating blood of eqiiiries, namely, 
cqifina, Abildgaard, 1780 {^ FUariajxijnllosa. Rudolplii, 1802) and Filaria 
<fdrovoli(fa, Smit and Ihle, 1025 h Curiously, the young forms of PamfiJaria 
Condaniinc anil J3rouilly, 1876 (-^ F. hfrmnrrhagim, Railliet, 1885) 
lo not appiear to have been observed in the circulating blood of equines, althougli, 
IS is well known, the adutt^ filaria? of this Species are of not infnujuent (jccurrenco 
in the subcutaneous connective tissue of thehor.se. Neveu Lemaire f 1012] and 
Ifutyra and Marek [1026], in their recent edition of Special Pathology and 

* Paiw read at the Medical and Veterinary Research Section of the Indian Science 
t'ongress, Allahabad, January 1930. 

^ The identity of what is designated as S. labinfo-papitlosa (the immature forms of which f>cour 
in the eye of the horse) would appear to ho disputed, and certain authors (c. r/., Underhill, 1024) 
evidently regard S. Inbiato-papillow as idtmtical with 8. equina. 

Yakimoflf and his co-workers (19ir») recovered what they called Microfilaria ninac kohl-yaHnvjffi 
from tbe blood of borses in Turkestan, but the identify of these is not (dear. 

( 143 ) 



144 THK INDIAN JOURNAL OF VJJTKRTNARY SCIKNOE AND ANIMAL HUSBANDRY [ J, II 


Tltera'peulks stato that tlic (ivolution of tliis parasito is unknown. Likewise, 

llailliet’s original description of this i)arasite, as i)nblished in Traife de Zoologif. 
1 1805], does not contain any reforenci* to tiio embryos of P. muUipajnllosa 
occurring in th(i blood, although both Nev(;u Lemaire and Eailliet observe that 
the liberated embryos measure 220 -230 microns in length. As emphasized 
by Foley and his collaborators 1 1028j. liowcvor, the study of filarial embryos 
is frauglit with difliculty, an I it must not be assumed that only one species is 
present until the embryos occurring in tin', blood have been carefully compared 
with those in the terminal [)a,rt of tin* utcTiis of tin' adult female, if the latter has 
been found. It is thus not improbabh', that, from a careful study on the lines 

recommended by Foh*y and his (U)-work<n‘s. it may transpire that i?i a certain 

])roporti()n of the (jasos, the lilaria-l e.mbryos designated as rqfii are in rc'ality 

P. m'tfl/ipajdllos(L 


KKCAriVK Tnoidknok op Miohopilariasis AMONOSr FjQuinks and otiiicr Specups 

OF ANIMALS. 

(Compared with the dog. tlie (n^uine specjos would appear to be little snscept-iMe 
to (ilarial inf(‘<'.tion, and during D'cent years, cases of (;anine microfilariasis have 
eonn^ to th(‘. notice of this Institute on fairly fuiqiK'iit occasions. As an extrc'imi 
instance* of the widc'sprejid oe-curreiiee of t In* dise'ase may be cited tin*, observations 
publislu'd by Hodivin and (Jleare ac'.cording to which "it would probably 

l)e a diflicult mat4<‘r to find \ in Hritish Ouiana ] a creole dog over two years of agt* 
which do(*8 not luirbour this parasite On the other Iniud, tln^ rarity with which 
the parasites havi* been found to o(M'.ur in the. blood of (Mjuines is illustrated by tin' 
fact that a systematic e.xamination of 11). 000 blood smears in a certain llemouni 
Depot in India, resulted in the parasites being found once only in six mules and 
live horses [nforniation is not available couceniiug the inchkaujo of e.<]ui?u* 
microfilariasis i!i other countries. exc(q)t in Turkestan, where, according to YakimolT 
and his collaborators [11)15], the rate of incidence of the disease varies within wid(* 
limits- -from 0*53 to 37*() pe,r cent., whilst in the case of the donkey, they found ID 
animals to be affected out of 847 examined by themh The figures obtainable for 
camels are from 4 to 22*5 per cent, in four difTerent districts in Turkestan (YakimolT 
'and Ids (ollaborators, 11)14), whilst, in a recent, paper, Zeiss [11)27] gives 0*25 to O o 
only as the pereentage of eiunels infected in South-Eastern Russia. In regard to 
the iucidenee of the disease in the Indian Region, Leese [1908] reported that out 

• It is «)f iuterost. in this oonm’ctinn that Yakimoff and his collalxirators (U)17), in Uiissiaii 
'rui'Kestan, found microfilaria> to bn ontiroly absent in the eiroidating l)lood of sheep, althoiiffh t hey 
examined as many a.s 18+* of these nuimals for evidenco of this infection. 
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of 1 ,500 camels oxaminod by him in various eamol corps in India, only two cases 
sliowed filarial infcciion, alllioiij^h, according to Oross | I02'J-10231, “the disease 
is common in camels 

Clinical Symptoms of Microfilartasis in Equinks, 

In a great majority of the cases of equiiu*. microlilariasis recorded by various 
workers, no definite clinical symptoms have, been re[)orted, and in a few instan<*es 
wlierc tliis Jias been done, tlic symploms wm*e noi/ sueli as could not bo ascribed to 
causes other than microfilariasis. As a matt er of fact, se\M‘ral worlcers have noted 
llie occurrence of micu^filariasis in ilie horse as a conditioji (*oiicomitant with otlier 
forms of blood infection, wIkto systiunaiic examination of blood smears lias been 
resorted to as a routine pro(;edure, so that tlie possifiility suggests itself tliat a 
more extensive soarcli would result in tlie finding that a proportion of the equine 
spe,e,ies normally liarbour these parasites without (hwidojiing any visible clinical 
sym])toms. The more, notahle observations on record upcm the naturi' and extent 
of morbid distnrba.n(‘-es evoked in tlie eiiifmc^ s])eeies by t.lie presems', of t hese parar 
sit(‘.s may be summarized as folhnvs, 

(a) Oceffmnee of Microfdfomm.s in Oonjnnclion with other Disewws. 

Macalisler [1017 1, in India, in tlie course of a lengthy discussion upon the 
aetiology of Kiimri refers to the freipient assoc, ia.tion of this'disoa.se with SeJariit. 
oifuina, and this would appi'ar to lend <;onsidcrab]e frimd fwie support to the view 
that the two are letiologically con uect(‘d. He conclude.s, however, that “this is 
to he regarded as a chance conj miction and not implying a causal relationship 

Aldige [Jt)20], in French West Afriisa, observed t hat the occiirreneo of filarial 
embryos was freqiientl}'' associated with try panosomiavsis (TTffpiino<^omacon(jo}ensc. 
infec.tionl, esy)ecially in New Guinea and Senegal, and also witJi such other local 
diseases as might Im ])revailiiig iii the time, ami in certain instances tin*. pji.rasites 
were even detiuited by Jiirn in the blood of healthy animals, although thiir jircsence 
was not revealed by any manifest- symptoms. 

In regard to the so-calle.d “ Fez ” disease (infeidhms annunia) of the horse in 
Morocco, it was dmnonstrated ])y Vidii [1021 ] that, this disease, did not Kipnjfiont a 
single entity 1 ) 11 1 that it comprised as many as hmr infect ions, namidy, trypano- 
somiasis, spirillosis, ])iroj)lasmosis, and mic.rofilariasis. 

Tlie occurrence of micro fdarine in the blood of equinrs a(Tec,tfM witli trypano- 
somiasis has been ment ioned by a number of workers, and the priisence of the 
|‘arasites has not iiifrcque.ntly been detected at this Institute in the course of the 
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routine examination of blood smears from animals experbnentally infected with 
surra trypanosomes. Likewise, in the case of the Remount Depot mentioned 
earlier in this paper, the parasites were found in smears taken from mules and horses 
belonging to a “ surra area Similar remarks apply also to the bovine species, for 
T<5ague and Clark [ LU8 J readily demonstrated the presence of filarial embryos in the 
blood of Paiijuiia cattle affected with trypanosomiasis, and Ford [1919], in the Malay 
States, found them in the blood of an Indian bull sulfering from surra, whilst, 
recently, Davis 1 1929], in the Sudan, has described the occurrence of filarial embryos 
in the blood of a bull suspected of trypanosomiasis. The two infections have also 
been sonuit imos found coincident in the camel, as is illustrated by an instance cited 
byL ittlewood |1!)19-20|, in Egypt, whilst, in India, surra and filariasis arc often 
found in the same animal ” and “ this has generally complicated the investigation 
of the latter disease ” [Leese, 1910]. 


(6) Clivical Symj)(oms definitely ctscribed to Microfilariasis , 

From the descriptions given l)y various workers of the symj)t()ms of the disease, 
one finds it dillicult to resist the impression that mierofilariasis of the horse is not 
associated with any clear clinical picture. Symptoms have been described wdiicli 
are characteristic of diseases referable to widely different categories trypano* 

somiasis, glanders), or, (dse. except for the occurnmet^ of eosinopliilia (indicative of 
general verminous inf(‘Ctions), the symptoms described are so dilfuse (e.y., “debility", 
“ \vastage number of other alfcctions. 
The truth of this statement is illustrated by the following citations. 

Littlowoo'! 1 1911], in Egypt, found that the occurrence of filarial embryos in tie- 
circulating blood of (^quines was characterized by the presence of petechiae, aiuemia 
and wasting. VVirtli |1917|, in Hungary, observed that mierofilariasis of the horse' 
was assoeiatiMl with “ general lassitude ** somewhat diminished appetite " and tJie 
heart action bdng ‘‘ violent on slight exertion allhouirh the parasites were somdlme^ 
dete(;t(*d by liiin in the blood of horses showing no apparent symptoms of diseasi*. 

Vakiiiioll a-iul liis collaborators I l91o], in Turkestan, found the disease to 1 m* 
characterized by the presence of abrasions (due to irritation), irdematous swelling'- 
(sometimes) and rapid tixhaustion. These authors also refer to the occurrence of 
albuminuria as observed l)y Maiidel [1910], although they themselves were unable to 
confirm this observation. 

Ford 1 1019|, working in the West Indies and the Malay States, cites tlie n- 
markable instance of an Australian race horse, in which the presence of filarial 
embryos was associattxl with the development of clinical symptoms of glanders. 
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According to VIoming [1917], the acute form ol equine lilariasis in Surin;uu i:^ 
( liariUJterized by such geiieral symptoms as wasting, aiiamiia, and oHlematons s\v(‘l- 
lings, whilst the microfiiarije arc said to resemble the involution forms of trvpaiio- 
soines, witli the appearance of atiaplasma -like bodies in the erythrocytes 

Aldige [1920], in Frcficli West Africa, refers to the similarity of tlie symj)lo]Tis of 
^(juiue microfilariasis to those of trypaiisomiasis, willi this difference that the former 
were of “slower development" without any marked febrile crises or |)an‘sis of the 
hindquarters, but the atfected animals developed ]>etechia) on tlic conjunctiva and 
(cdeiuatous swellings on the dependent parts, with otlicr forms of derimitit is and 
|) istular eruptions. It is of interest that the swellings aful cru[)tions were' simmi I>y 
him not only in horses infested with microlilarhe, but als<j^ou others inh'cted siinnl- 
laneously wit h Tri/paiio^oma dimnrphon, or with T. dimorphon. alone, a.ll hough in tlie 
i;oii(litious of the last category, the swellings were ‘‘ h‘S3 persistmit, mon*. dmighy a.iid 
less hot and painful " than those duo to microfilariasis. 

Bi'.al [1920], in the Gold Coast, regards microfilariasis in horses to be, t in* caiis(‘ 
of an intoruiittent fever associated with other syiuptoius,” whilst Hhtr.ck | 1927], in 
1 lie Sudan, noticed marked evich'iKio of wasting and g(‘.ncral signs of aruemia in a. 
horse infcst(‘d wit h these parasites, and the condition of the animal a[)j)eaj*(Ml to him 
to be one of oligjemia. 

fu the case of the atfected horses in the Kemount T)(q)ot in India mentioned 
a.l)ove, the presence of tlie parasites did not give ris<‘. to any not abhi symptoms, 
heyond a slight elevation of temperatur<y although the [)arasit(‘s were sometimes 
})eisistc.ntly present in the circulation, being detectinl twice in om horse, live ti/nes 
in anuth(ir, and as many as eleven times in a third. 

It is of interest t hat rlie observations on record in regard to thf‘. clinical symptoms 
of microfilariasis in other animals are no less divergent. Thus, while Tt‘a.gue, and 
Clark [1918] found filarial embryos generally iimocnons for Ihinama cattle, Ognni 
[1927] causally connected them with a form of scabies (so-called “ wahi ’ or ' kose ") 
in Japanese cattle. In the camel, Mason [1911], in Kgyj)t, found tlui symptoms of 
microfilariasis to n'semble those of trypanosomiasis, whilst Let^so [I!) lOJ arid Ooss 
11922-23], both in India, mention “ loss of condition " and ‘ a considerable risii of 
t«*mperatnre " (wlion tin* j)arasitcs arc present in the |)cripheral circulation) as riotabhi 
symptoms of the dist^ase. In the dog, lik(*wise, microfilariasis has biMUi variously 
‘•haraeterized from being “very fatal” [Richardson, 1925, in Uganda] to Inang 
d(‘void of noteworthy S 3 nnpt()ms [Koley, 1921, in Algeria]. 

' As reinarkcdby a reviewer of Vlemirig’s paiKir, one strongly suspects that the author was hero 
dealing with an outbreak of surra. 
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It would tlius appear from the foregoing extracts that tlic observations recorded 
by various workers, in regard to the nature and extent of inoi’bid disturbances evoked 
by the occurrence of filarial embryos in the circulating blood of tlie dill’erent species 
of animals, all’ord one reasonable ground for thinking tliat the clinical syjnptoins 
tJiat have been attributed to a microfilarial invasion in these animals may (at any 
rate, in a large proportion of the recorded cases) have been, in reality, due to causes 
other than microlilariasis \ 

Treatment or Equine Microfilariasis. 

As oJie would expect, in the absence of precise Imowledge as to the pathogenic 
idle played by filarial embryos, the various forms of tlierapeutic treatment (h^signed 
to combat tliese parasites have been of a very empirical characLer. So far as tlie 
equine species is concerned, Wirth [lDi7J found that no special treatment was called 
for, as the disease geiierally ran a favourable course, although recovery did not take 
place before two to four months from the onset of the disease. VViilh, however, 
tested the eflicaey of atoxyl, without any beneileial results. Yakimoll and his col- 
laborators [llilSJ found tlie intravenous injection of salvarsan valueless. Aldige 
[r.fliOj would ap[)ear to Jiave given a fairly extensive trial t(/ the various products 
utilized in the treatment of tiypanosomiasis, Jiamely, or})iinent, atoxyl, try panblue, 
try|)aured, and fartai' emetic, but except for the last, all the drugs tested by him 
yielded negat ive results. With tartar emetic, the injection of tlie drug in from 
to I’-i gramme doses was followed by the disappearance of the pa.rasites and an 
amelioration of the symptoms, provided the injections were rejieated from four to 
t welve times (one or two injections were found by him to be valueless). In tiie case 
of the atl’ected horses in the iteiiioimt Dcjiot mentioned above, treatment was 
attempted by the intravenous administration of single doses (ho c. c. of a 10 per 
cent, solution) of “ flayer 205 but the results were negative. 

As a matter ut fact, only a limited number of drugs would a[)])ear to have been 
tcstiid as to t-heir ellicacy for animal microlilariasis. Of these, mention may be 
made of galyl, which was employed by (iirasson Lr.t2Uj, in doses of U’5 c. c. of a 1 
per cent, suliit hm per kilo., intravenously, in the treatment of microlilariasis of the 
earrion crow, but the apjdieation of this remedy resulteil only in a partial recovery. 
Eor the ti\‘atmeJit of the microlilariasis of the dog (due to Mf. Itagaki 

and his collaborators in Japan, employed sodium anlimonyl tartrate, admi- 

nistered intravenously in doses ranging from OMMjJ to 0*004 gramme per kilo, boily 
weight, at intervals of one or more days. The treatment is claimed by them to 
have resulted in disappeaiance of the eiubiyos Iroiii the circulation of the ailected 
animals. 

' A view which Would 800111 warranted even allowing; for the eossihilily that the xiaraailoa con 
eerued iu the eabes deaciibod by the bcrvcral authors wore not bRuciiically identical. 



REVIEW OE EiiUlJ^E MICRO FlLAHl AS LS 


141 ) 


ueeeiie:nces. 

Altlij^o (1920). llec. Med. Vet. 96, 40-04. 

Ucal (1020). lieporl on Llve-ffheh' Indu/itrien of the Xitdluju. V<.‘rrii if f/ohi (Juisl. | Abstr. iii 7 Vo/j. 
Vd. JJull. d, ; 1021.] 

Rlauck (1027). Arch. J. Wissenschajt. U. Prali. TierheilL'. 55, 557-570. [AbsU-. in 7Vo/j. Ed. 15, 
100; 1027.] 

Roilkiu and Oloaro (1010). Jiull. Erdom. lies. 7, 170-100. 

Curasson (1920). Bull. Boc, Bath. Exot. 13, 054*055. 

Davis (1928). Ann. Troy. Med. and Barosit. 22, 59-01. 

Dios and Zuccarini (1920). Covijd. Bend. JSoc. Biol. 95, 827. 

Eoley (1021). Arm. Inst. Bast. 35, 212-217. 

Eoloy, Oatanei and VialatU) (1020). Arch. Inst. Badeur d^AUjerie^^t 48.5-518. [Abstr. in Troy. Vvl. 

Bull. 16, 17-18 ; 1928.] 

1^’ord (1919). Vet. lourn. 75, 45-54. 

lliesco (1023). Arch. Vderinaritiy 17, 110-110. [Abslr. in Trap. VcK Bull. 14, 13; 1025.] Deals 
with haiiiionliagcs caused by B. mullipopiUosa. 
itagaki and Makiiio (1027). Joarn. Jap. Sue. Vet. Sri. 0, 15-23. 

Littlcwuod (1915). M inist. Atjric. Annual Jiejxjii of the Vet. Service for the i/e,ar ID 11 (Eyi/pl.) 

Litilcwuod (1021). Ibid, fur the year 1010-20. 

Macalislor (1017). Mem. Dept. Ayric. India, Vet. Su'. 2, 207-201. 

Martin (1017). Berl. Tienrzt. Wochenschr. 33, 520-524. 

Uguni (1027). Journ. Jap. Sac. Trop. Vd. Sri. 6, ISS-IOO. 

UiihardHt»n (1021). Annual lie /tort Dept. Ayric. Uyanda Broleet. for the i/car endet .‘Sid March BJ'Iir 
[Abstr. ill Trop. Vd. Bull. 9, 134 ; 1021.] 

►Sjiiit (1025). Nodor). -Indio DIad. V. Diergeneoak, 37, 520-534. [Ahstr. in Trop. Vd. Bull. 14, 01; 

1020.J 

(Sjiiit and Jhle (102.'»), (JetUralld f. Bad. L. .Ud. Oriy. 96, 30-32. 

'roagufc and Clark (1018). Journ. Infect. Dis. 22, 151 1 58. 

\ dll (1021). Tro/t, Vd. Bull. 9, 201-202. 

Vlojiiing (1017). Tidjs. v. VcrycUji.. (Jeneesl. 2,100-110; 180-103. jAbstr. in Vd. Bull. 7, 
207-2«8; 1010. J 

Wirth (1017). Zeitschr. f. InfeUiunsI.r. /larasil. KranlJicil. a.Uyy.d. Ilaustie.rc. 18, 380-413. [zVbstr. 
in Trop. I d. Bull. 5, 237-218; 1017.J 

\ alvinioll, Stdiocliu.s, Ko.sdkiii, Wiiiugradow, ami Dcjiiid«AV (1015). lOul. 16, 275-280. [Abstr. in 
Trop. Vd. BulHi,m-\)7 ; 1018.J 

^ akiiiiui! and Ida collabural^iia (1010). Bull. Sor. Bath. Ejitt. 9, 210-220. 

VakimolT and bis cullabm’ators (1017). Bull. Soc. Bath. Exot. 10, 102-10.'*. 

/a'iya (1027). Deat. TieiiirU. Wochenschr. 35, 304-307. 



SELECTED ARTICLE 


INTEMIM KEPOET ON THE IMMUNISATEON OF DRAFT 
ANIMALS IN BURMA AGAINST ANTHRAX. 

BY 

B. T. MITCHELL, M.R.C.V.8., 

Director of Vcteriaarif t^erviccsi, Burma, 
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Distribution. 

The (listril)uUon of finllirax in ibis Province is widespread. Tn ilie last, two 
years, diirinj^ wliich time an (dTort lias been made to inereasi^ the number of blood 
smears submitted for microseopie examination from dead animals in t he distriet.s, 
the dis(*ase has been recorded from jiractically every distri(;t. 

It usually occurs in s])oradic form and results in the deatli of only a few ani- 
mals in each outbreak, so tlierc is every reason to tircsume that many of these out- 
breaks ill cattle and buffaloes pass unnoticed. Epidemics liave been rcc(3rded in 
wild animals in the neighbourhood of an outbreak in doiiK'stic stock, and as practi- 
cally all sjiecies, with the exception of carnivora, are highly suscejitible, such an 
epidemic seriously complicates the ordinary preventive measures of segregation or 
isolation. 

Where animals are concentrated in any area, the disease is liable to assumes 
epidemic form. As examples of this, ive have the recent mortality (11)28-20) in tlic 
horses of the Rangoon Paper Chase Club and the annual epidemics wlih^h liave 
occurred up to the present in the elephants of the timber firms, working in infected 
forest areas. 

Mortality from Anihrax. 

It is very difficult to arrive at any estimate of the losses which are occurring in 
cattle and buffaloes from this disease as it can only be definitely diagnosed by mi- 
crosiopic examination of blood smears. The difficulties at present existing in get- 
ting smears from animals which die in the village-tracts are almost insuperable and 
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many years will require to elapse before the villager can be taught to realise the 
importance of a correct and early diagnosis in the prevention of e[)ideinic disease 
in stock. Tlie grouping of blacdv (piarter, Inemorrhagu^ siqiticaunia and anthra.x 
under one heading in the animal report of the J)ep:i.rtment indicates the ])reseni 
])Osition regarding diagnosis. 8o long as the returns submitted by tlie TInigyi 
remain the principal sour(‘.e of inf(jrma1ion in com]>iling mortality statisti(^s, little 
reliance can be ])laccd on these as an index of distribut ion of ilisease or mortality in 
animals. 

In the case of elephants the methods of recording mortality and submitting 
material for a laboratory diagnosis are well orga.nised the lirms coiKuunied, n-nd 
the records can be relied upon. The mortality from anthr:ix in tln'se. returns over 
a period of years is a staggering figure w]i(‘U c(UiV(ut(‘d into iiu’ins of easli. (»n(‘ 
nsids of losses from a.uthrax varying from 20 to DO animals ])(‘.r annum in t he. h<uiii- 
id one of the firms eoiic(*rn(‘.d. 


hhJoNQMK^ Valuf. 

The averagi', total annual mortality from anthrax in working (‘lephants in 
Ilnrma lias not y(‘t b(‘c,n work(‘(] out, lint it. may be ta.kcn for tlii‘ purpose of illnsfra.- 
tiofi at tlie, low estimate of 00 a.nimals. Tiie aviUMge. value of tlu'se animals is about. 
IJs. 5.000 (‘aeli or lbs. ;b00,t)00. Averaging the season's work of oni', (‘li‘jlia,nt a.l. »S0 
tons of tiinlier, the royalties to the, (Jov(‘rniu<*nt in r(*s[)ect t.o (itt clrpliants works out. 
at about Ks. l,lbJti0 wliicli are inddinitcly or [KU’maiiciitly dclcrriul. 

To this must al.^o b(*, added tlie loss in holding Uj) llu^ work in a fon‘,st where a.n 
outbreak occurs and tlui loss of |)rotib on tin*, timber wliidi miglit liavii been (‘.xtraid* 
ed, etc., which cannot be estimated. 

These figures in relation to one of aid null ami one seel ion uj Aijrieulf ure 
onln giivc one some idea of tJie econoinh^ iinporianci*. ot tin', probhmi and indicated 
that researeli into metliods of prevention should be eonsidiuMMl lirsj among tin*, very 
urgent problems which confronted the Vet(uiiiaiy IJepartnnmt in Ihirma.. 

ilFSKAllOn WoJlK LEO UN. 

A Special JU‘search Ollieer was appointed in D(;eeinber 11)27, but it was not 
found jiossdjle to cumnienco serious work on anthrax until nearly a yi'.ar later. OiDo- 
b(‘r ID2cS. lliis was due to (a) the necessity for training a stalf in gem^ral laboratory 
duties, (h) the jirovision of internal fittings lor the iabmatory, (c) tJu‘, absene.c^ ol 
suitable appa.ratus and eqiiifumuit which had to bi^ pnnliased locally, borrovvcij or 
ordered from England, (d) repairs to incinerator, (c) ariangeine.nis f(jr the sufiply of 
small laboratory animals, etc., etc. 
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CoiiHiilera])lc <li(liculty was experienced in procuring a local strain of anthrax 
from eaeJi .s[>( 3 eic.s. 8peein:(‘n ])oitlcs for despatch of a piece of dried ear from sus- 
p(3cted cases were distribulcd. hut the fear of spreading infei^i ion pr(iV(;jited speci- 
iianis l)eijig Ireely subiiiitled. Only one specimen from an elephant was found to be 
infective, although smears from animals, dead of the disease, were frequently being 
received. 

S'J RAINS USKJL 

This specimen came from an elephant of Messrs. T. D. Findlay of Nyauiiglebin 
on 8tli March j*.)28 and the strain was used in lliese tests as the virulent anllirax 
emulsion. 8trains from cattle and horses were secured from local outbreaks in the 
Jnsein area. 

For the production (jf the vaccine a strain was used which was brought from 
South Africa in 1!)27 iind was of “ Jloviiie ’ origin. This was obtaincal with other 
anthrax strains, through the courtesy of the JJirei tor of Vtderinary Services, Union 
of 8outh Africa. 


Nature of Vaccink. 

'.rile prejuiration of the vaccine was carrit^d out on lines simihir to tlioS(‘. employ- 
ed in 8outh Africa and re( orded in tin*. Annind Ib'port of (hi* Department Union of 
Houtli Afriea. 'The linished vaccine consists of a. susjnmsion of living anthrax sj)ores. 
freed from tiu; liacilli, from a strain attenuated to a fixed degree by incubation at a 
leinperalnre higher than the ojitimium, in a solution of water and glycerine. It is 
therefore a very stal»le [>rodiict a.nd one which, even in jungle conditions in lUirma. 
may be ex])ect(;d to remain unchanged for a considerable period if given a reason- 
able amount of ]notectiuu from light and heat. 

Nature of tue Viruj.ent Anthiiax Material. 

Th(^ virulent anthrax suspension was prejnired by isolating the si rain from the 
case in the I’lephiint at Nyauiiglebin and growing it under ordinary incubator condi- 
tions in the laboratory, ^bhe virulent siispenshm was prejiared by i'luulsifying the 
spores in old eultures in water and glycerine. For use, this emulsion was standar- 
dised on shee]). The minimum amount reiiuired to kill a sheep being named in this 
report “ The M. L. D. ’ which was found to be 0 00005 c.c. 

The viruleiicy of this strain was found to be about double that of a virulent- 
eattle strain which has bi en bronglit from 8outh Africa. 

The dose of the vaccine was calculated on the amount required to protect a 
slieep one nioiitii later against 1,000 M.L.D. of virulent spore emulsion by an experi 
ment on a series of these animals. 
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llaviiij^ thus pr()duc(3d a supply of standardised attenuated anthrax spore emid- 
sion for use as a vaccine and a standardised virulent anthrax spore emulsion of 
eh‘pliaiit strain for use as a te.st of the immunity produced, it was possible to con- 
sider arrangements for estimating the value of tlie vaccine jaepared from the SoutJi 
Africa strain against the local Jiurniese strains of anthrax. The strains in the various 
species of animals in Burma do not show very mucli varialion and the history of 
outbreaks indicate that in all probability the strains present in elephants, cattle and 
bull'aloes are the Siime or may be considered so at present from the point of view of 
immuiiisation. 

TkvSTs on Sueec. 

I reliminary laboratory test on slicep were commenced on olli January 
Batch (1) anthrax vaccine was used ami varying doses were givcJi from O' I c.c. to 
20 0 c.c. 

The results froJii this batch of sheep were^^^nnsalisfaclory. The raniina-ls were 
allowed to graze in the itesearch Laboratory coinpoimd and a veiy heavy Jiiortality 
occurred a few days after inoculation Iroin a conditioji resemblijig ])lant [)oisoning. 
None of the aniJiials showed anthrax oii blood examinatioJi. il- uas later ('slablished 
by animal exjuTiment that this condition was tine to eating the thorny bjiuicln's of 
the sensitive plant ' (MiJiiosajuidica) which was very plcJitifiil and at an att ractive 
stage. The sh(‘ep had come from tiie dry zone and W(‘re not accustomed to the local 
liisein vegetation. 

The test was ret)eated on Itjth helnuary 1021) on a further bat.ch of sJieep wLicJi, 
on this occasioJi, were stable throughout the tests. 

\ accine in doses varying froJii U'UU2 c.c. to 10 0 c.c-. wert‘. injected into two 
animals each. The iiioculatioji of the vaccine was lollowed by a distinct thermal 
reaction about the third day. A month was allowed for establishment t>f immunity, 
and on 2yth March bOO and 1,001 M.L.D. of virulent cultures were injc(;ted into each 
of the pairs of vaccinated sheep. 

The sheep which received a dose (d 0 002 c.c. vaccific died of ai'ute anthrax in 
ly hours, of those which received O'OUo c.c., one died after being inject id with 1,000 
M.L.D. of virulent (iinulsion and the second sheep which reciived bOO M.L.JJ. oi 
\ indent culture survived. All sheep receiving a dose of 0*01 c.c. or higher siir\ ived. 

These tests were coJisidered to be very satisfactory as they indicated- 

(1) That the vaccine was safe in administiation up 10 c.c. to sheep. 

(2) That a good immunity against the local elephant strain was produced by the 
bovine vaccine strain. 

(3) The dose of vaccine required to protect against a stamlard dose of culture 
of boo M.L.D. or 1,000 M.L.D., viz., 0*01 c.c. 
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Tests on Cattle. 

The vaccine was then tested out on cattle at the dose indicated in the previous 
experiments and multiples : — 

, 3 cattle receiving 0*01 c.c. each. 

3 cattle receiving 0*03 c.c. each. 

3 cattle receiving 0*05 c.c. each. 

The cattle were two years old, locally purchased animals which had been through 
rinderpest tests a short time previously. 

All the animals exhibited a very marked thermal reaction of 2—4 degrees 
commencing on the day after the inoculation and persisting for about 48 hours. 
The animals were not visibly ill and did not go oil feed. No swellings ocemred at 
the site of tlie inoculation and after four days the animals were apparently normal. 
It was not considered necessary to test the immunity produced in cattle as ex- 
perience in iSouth Africa showed that, given a good reaction, a gootl immunity 
lasting 12 dO months was obtained. 

The test indicated — 

(1) That a staiidard dose of vaccine 2 )roduced a good temperature reaction with 
rapid recovery. 

(2) That multiples of the standard dose up to live times constituted a dose 
which was still safe for cattle. 

(3) That the tcmijcrature reaction did not de 2 )end on the size of the dose given. 

Preliminary Tests on Elephants. 

It was now considered that the Laboratory tests were sutllciently conclusive to 
warrant the vaccine being tested out on elephants, and in consultation with the 
Manager of the Bombay Burmah Trading Coriioration, a test was arranged in a small 
lot of three eleidiants at Pyinmana on 25th April 1929. The dose given was 0*01 
c.c. of stock vaccine diluted to 1 c.c. for case of inoculation. 

Two of these elephants gave a definite thermal reaction and all recovered in a 
few days. A small local swelling appeared in two animals at the site of inoculation 
but this disappeared later. The site of inoculation was on the chest wall about 
midway between fore and hind leg at the level of the elbow. U Tun Hlaing, 
Research Veterinary Inspector, carried out the inoculations and superintended the 
experiment throughout. 

Return op Special Rkseach Officer to Africa. 

While this test was in progress, the period of secondment of the Special Research 
OQicer was approaching termination and it was necessary for him to return to South 
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Africa. The vaccine and stock emulsions, cultures, etc., were placed on ice until 
work could be resumed. 

In the following month an outbreak occurred among elephants belonging to 
Messrs. MacGregor & Co., Limited, Toiingoo, at Gwe Chaung. Vaccine was asked 
for and issued for the inoculation of three remaining elepliants. 

The inoculation was performed on 24th May by the firm's Veterinary Assistant, 
Mr. Birch, and inoculations were done in the neck. From the details submitted 
it is difficult to arrive at any satisfactory conclusion regarding this test. The test 
was carried in the presence of active antJirax infection and there was a possibility of 
one or other of the animals being already infected. A dose of carbolic acid had been 
administered 12 days previously and the \accination was inadvertently done in tlio 
neck instead of on the side. One animal developed no thermal reactitn but the 
remaining animals showed a marked rise in temperaturG^ 4 — 6 days after inoculation. 
In one of the animals the reaction was very severe (3*6® F.). The temperature of 
tliis animal returned to normal in 6 days but he was still definitely ill and getting 
weaker. The animal eventually died on the 13th day following the 
inoculation. The death was not attributed to anthrax and a j)osHnortcm was 
held which supported this. Smears taken after death from the spleen and blood 
were returned negative from the laboratory. This case is diHicult to explain 
except by presuming that there was some complicating factor which under the 
influence of the reaction due to the vaccination was able to produce a fatal ending. 
It certainly was not directly due to the vac^une or anthrax bacilli would have beem 
found on examination of the spleen smears. The case may be regarded as an 
accident of vaccination such as is occasionally met with in the other species. 

During July Messrs. Steel Brothers decided to have an experinuuif al batch 
of elephants vaccinated at the Swa and arrangements were marie for U Tun Hla- 
ing to do the inoculations and superintend the tests. 

Nine elephants were injected with 1 c. c. anthrax vaccine (0*0 1 c. c. stock 
emulsion) under the skin on the chest wall on 2nd July and a further batch of 4 
animals on 10th July, making 13 animals in all. 

Most of the animals showed a temperature reaction betwerm the 4th and 7th 
day after inoculation. {Swellings of various sizes appeared from 2" to 4 ' in diameter 
but two animals developed dangerous swellings at the site of inoculation. 

The clinical symptoms and thermal reactions had in all but one case subsided 
14 days after the inoculation. Recovery from the local swelling in this case took 
about three weeks. 

Residts, In all tests up to this point 10 animals harl been vaccinated and in 
the majority of cases a thermal reaction had occurred four to five days after ino- 
culation. 
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Two animals sliowod largo swellings at the site of tJie inoculation and one 
animal had died from some complicating factor. ^ 

Tlicse results were as good as could be excepted when it is considered that 
the inooiilatjons were carried 4 Dut under jungle conditions by men who had no 
y)r(wious experiemcci in inoculation of elephants. The swellings were probably due 
to soinc contamination. The skin of an elephantds dinicult to render sterile and 
tlie, insertion of the needle requires a considerabh*, muscular effort until one gets 
accustomed tf) it. 

From thes(j results it was concluded that the vaccine was safe for use in 
elephants in doses of 1 c. c. (0*01 c. c. stock vaccine.) 

IIeturn of ItESEARcni Officer to Burma. 

No furtluT inoculation work was carried out in elephants between t,his date 
and the return of the llcsean^h Oilicer to Burma in Octobc'.r 

Tlie next «t(ip contemplated was the estimation of tlu‘. de,gree of immunity, 
if any, jHodiicFd by this vaccine on elephants. Tliis phase of tin*, work ha«l already 
b(Mm discussed with th(‘. r(‘pu‘sen1ativ(‘s of ilH*. tindnu' firms at- an informal meeting 
befor(‘ (h'.pjulnn^ from Burma ami it was tlnm af‘.C(q>ted that. a,n experiment involv- 
ing u. number of va<*einated (‘lejilianls. inoc,ula.l<‘-<l sulisiapiMutlv with virulent cul- 
tures. would b(^ m'ccssiuy belore I1 m‘ issm* of tin* vac-cine lor gemTal immiinisidhtn 
work (‘onhl be coiisidijnid. 


Aura n < i em e kt cor. ti i e ( ho ic i a i, T nst. 

At a combined meeting on October 31st. reprvs(mt;i.tives from four firms 
;i.gn‘ed to share the (!ost of the animals for the experiment and the incidentitl ex- 
p(‘n<lil-ur(‘ In connection with tra.ns])ort and supervision. 

A site w.is suggested on the Toungoo-Thandaung road at Shwenyaimgbin as 
sniljibh^ Inr the test ;is it- provided t]n‘ eonditions laid down of (1) good wat(*r, (2) 
good fo(|(h‘r for the anim.ila, (3) jio cattle or liulTaloes in the vieinity, (1) ])lenty of 
timlxM- for crenuition of carcases and (.5) convenient to tic wnain line. This area 
was ins|)ec.t(Ml and ajiproved. The deeision to use virulent eultnres of elephant 
strain anthrax on the animals in this test and the anticipated deaths in control 
ani*iia.ls from antJira.x necessitated the strietinst can‘. a, ml supervision at every stage 
of the ('.xperiment in order to provemt permanent infection of the site liy the 
(lisea-se. 

A ret('st of the vaer.ine wlikdi had lieen in storage for eight months was made^ 
on*si\ 2 years old (‘attle at the Kesearch Laboratory in November 11)20 when it 
was found (hat the vaceinc was active, although it. did not give rise to so acute 
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a reaction as liad boon produced in cattle at the fornn'r lost in April of tliat year. 
The virulent spore emulsion was retested and found to l)(‘> iine.lian^t'd. 

Tlie elephants selected for the crucial tests were two males and two hnnah's 
for immunisation and two crock elephants as controls -all full grown animals. 
"Two goats wen^ also procured for initial control experinnmts. 

.ffo gain as much information out of tln^ expmiment as ])ossil)]e, the' iinmimisa.- 
tiuii of the lour (‘lepliauts was done by four dilTerenl. niel hods. Tlie inoeiilal ions 
were done ])ers()ually by the S])ecial lleseare-h OlTieer. Tln‘ was coiuiueueed 

on l)(‘(‘.euiber 3rd, l‘J20. 

Tnochlation of Vaccink. 

ICIephaut A — 2 c. c. vaccine ou two occasions at an interval of M days (2 
c. c. double). 

Elephant B — 1 c. c. vaccine ou two occasions at an iut<‘.rval of I I days (1 
c. c. double). 

hdephant C — 2 c. c. vaccine on oiu‘. occasion (2 c. c. singles). 

h]lej)hant D — I c. c. vaccine on one occasion (1 c. c. single). 

All iJi(‘ (‘lepliauts gave a definite*. th(‘rinal n'actaon from tin* first; inoe.nla.1 ion 
(',omniencing about lln*. fourth day and b(‘ing maintiMiu'd a few days a.fl(‘r wliieli a 
normal tempe-ratnn^ wn.s sliown. ^dien^ were no ln.rg<‘ loeji.l swellings, t Ik* av(‘r;i.ge 
siz('- b(‘.ing about. V dianndeir. No U'aed ion was sliown ;i,lt(‘r t.lie sc'eond inoenhd ion 
in tin* two animals \vhi(*.h received a double (h^si*. 

A month was allowed to (‘.lapse from tin* date of tJn* S(*(*ond ino( nl;i.tions for the 
d(iV(‘.lopnn.*nt of immunity, 

I^jS'riiMA'nox OF hosF of ViiiunKN'r Emulsion F;K(,)Uini:i> i’o kill an tjLKFiiAX'r. 

Before ti*sting out tin* vae(*.inat(‘d atiinuds with virulent spore* (‘umlsion. it. 
was essenlia.1 to Icnow w]i(*th(*r a dose, of 1,000 i\1. L. I). \N'onld lx; siitlieie'nt. to till 
;i,n (*d(*phant. 

A control (^(‘.phant. (E) and goat (1) W(‘re 1 1nn-edon*. given ;i, elose*. of 1 c,. <•. 
virnl(‘nt spore emulsion, (‘rpiivalent to 1,000 M. L. T). for sln‘(*.p. on January 201, fi. 

Idle goat, died of a.nthrax in 3fi hours ;uid tin; (depfiant (»n tlie fitli day afli'p 
inoenlation. ddn* diagnosis was inadi; on t in; spot, by mierosetopie; (;xainin;i.t ion fd 
tin*, blood. The ean/ases wem* tin*!! erematod. 

Test on Immttniseo EmnurANTs with ViiurLENT Emi’lsion ani^ KEsuj;rs. 

El(^])lmnt A and the r(*rnaining control goat. { 1 1 ) were giv(‘n n.n inoculation o| 
1,000 M. L. 1). of virnl(‘.nt anthrax on J;i.nuary 2t»t.b. Tin; (control gojit died in .‘JO 
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hours from luicroscopically diagnosed anthrax. Elephant A developed a local 
swelling about 3" in diameter which persisted for a few days but otherwise showed 
no (dTect from the, inoculation. 

The. elephant A presumably possessed the strongest immunity *of all the 
inoculated elephants having been given the largest dose of vaccine (4 c.c.). 

As no ill (dfects \V(‘.re shown in this animal and as it was desired to push the test 
to a conclusion as soon as possible, the remaiTiing elephants B, 0, D and one noii- 
inoculaied control clcpliant F were inj('cted with virulent spore emulsion on 
February 7th, the vaccinated (dephants receiving 1,0( 0 M.I .D. and the control 
F oOO M.L.l). or half the ({uantity administered to the Krst control elephant E. 

Elephants B a,nd i) showed a slight t.cm])erature rea(3tioii within 48 hours after 
the inoculation, elephant C remained noniuil. No local swellings developed and 
the animals rernaiiKid [x'rfectly fit. 

The control eh'.phant E developtui an enormous swelling at the site of the in- 
oculation on tlio drd day and death from anthrax occurred on the fourtli day. 

CoNcnar^ioN of the Test. 

Tlie nunainii’g four ehiphants were discharg(Ml from experiment on February 
‘2-lr(l and experiimuit eoiudiided. 

Noles on (ha Test. The dose of virulent culture (1,000 M.L.D.) whicli the 
vaccinated animals received was many times greater than would (iver Lc met with 
in the infected areas in the jungh*. The incubation period under natural conditions 
is estimated at al)out 10 days and half the dose (oOO JI.I^.D.) given to the second 
control (*le.j)liant showed an incubalion jjcriod of three days and death in four, we 
cn.n tliereforc assume that tlie immunity would be suilicient to protect against any 
natural inf(‘ction. 

'the al?sence of s\vellings in the vaccinated aniimiJs at the site of tlie inocular 
tion was probably due to care in stcuilization of tlie skin and to having Mie animals 
under good control in a sjiecially ejected crusli pen wliich facnlitated the operation of 
inoculation. 

It will bo noted that on each of the three occasions when virulent material was 
inoculated, a control (non-vaccinated) animal was also injected, so the results may 
1)0 accepted as definitely conclusive. 

It is remarkable that quite as good an immunity resulted from the single dose 
of I c.c. as for the double dose of 2 c.e., but when it is remembered that the vaccine 
is an emulsion of living spores whieli are capable of multiplying in the tissues on 
Uijietion, the nu.intity of material originally injec.led requires only to be enough 
to set up a local focus of infection and start tho immunising process. 
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Conclusions, 

From the results of the test on elephants at Shwenyaungbin, the following data 
has been obtained : — 

1. The period of incubation iu experimentally produced anthrax in elephants 
varies from 3 to C days. 

2. Vaccine prepared from the South African bovine strain anthrax is safe for 
■ use in elephants in doses up to 4 c.c. 

3. Doses of 1 c.c. and over give an absolute protection against a dose of 1,000 
M.L.D. of virulent elephants strain anthrax after a period of 30 days. 

4. With care in carrying out the inoculations, the risk of producing local 
swellings is very slight. 

5. The most satisfactory site for the inoculation of anthrax into elephants is 
on the chest wall just clear of the play of the shoulder at the level of the elbow 
joint. 


Cattle Tests. 


While these tests were in progress at Shwenyaungbin tlic cattle on the Agricul- 
tural College farm, among which there had been a case of anthrax some time 
previously, were inoculated with 1 c.c. of vaccine each. 

No temperatures were taken, but it was not possible from the general appear- 
ance of the animals during the next 14 days to note any departure from the normal. 
In the milch cows there wa's no appreciable drop in milk secretion although this was 
anticipated. 

The following animals were vaccinated on the dates indicated 

J7th Deccvjher — • 


Bulls 

Cow'3 . 10 

Heifers 

Heifer’s calf . 1 

Working bullocks 3 1 


24th February 1930-— 
Bullocks 
Cows 


52 

10 

2 

18 


62 


18 

70 


G 
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Oonchmom. 

These results in cattle when considered with the previous Laboratory testa 
indicate that the use of the anthrax vaccine is safe in cattle. It is not considered 
necessary to test out the immunity against a dose of virulent emulsion as it is 
considered that a good protection is given. 

Buppalo Tests. 

It was considered desirable to test out the action of the vaccine on buffaloes as 
these animals frequently contract the disease and are undoubtedly a source of 
danger to the elephants working in the adjoining forests. Qreat difficulty was 
experienced in ' getting suitable animals for a test in the Insein area. The majority 
of the buffaloes kept in this area are of the Indian type of milch buffalo. 

The problem was discussed with one of the members of the firm of Bombay 
Burmah Trading Corporation (Mr. Phillips) and he kindly offered to place 12 
animals at our disposal for a test, on the basis of payment for any animals which 
died as a result of the inoculation. 

This w^as accepted and a test on a mixed lot of twelve young and old animals 
was carried out at Alegyun on February 24th, 1930. The vaccine used was the 
same as that employed in the test on cattle and elephants in doses of 1 c.c. 

The result of the inoculation was very satisfactory. All the animals developed 
a temperature reaction about the fourth day, becoming normal two to three days 
later. One aged very thin buffalo developed a severe reaction and was off feed for 
one and half days but recovered rapidly. The reactions resembled those given by 
cattle during immunisation. 


Comhfsions, 

From these results, and taking into consideration the results in the allied 
species, it is considered that anthrax vaccine is safe for use in buffaloes. The ques- 
tion of degree of immunity is not at the moment of great importance, but this may 
be tested out later if break-downs after vaccination are reported. 

General Remarks on the Tests. 

The vaccination against anthrax of the three species of draft animals — elephant, 
cattle and buffaloes— has given very promising results in Laboratory and field 
experiments. 

‘ These have demonstrated that a vaccine prepared in Burma from attenuated 
strains is safe to use, and in those animals (sheep and elephants) which were tested 
out for the immunity produced, the results exceeded expectations. 
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Proposals for the Future. 

The question of introducing the vaccine for general immunisation of animals in 
the infected areas can now be considered at the next step, and arrangements are in 
progress for the inoculation of a number of elephants in the danger zones during the 
approaching hot weather “ rest period 

Inoculation of cattle and buffaloes against the disease will give rise to consider- 
able difficulties as there is no provision for compulsory inoculation against any 
disease in the Cattle Disease Rules and only in the presence of an epidemic will the 
villager consent to any inoculation being carried out on his animals. Inoculation 
with anthrax vaccine under these conditions is not to be recommended. 

Vaccination against anthrax is a preventive and ncTt a curative measure and 
should be done as an annual routine procedure, otherwise its value as a prophylactic 
is not made full use of. Inoculations carried out in the presence of active infection, 
in animals not previously vaccinated, are associated with considerable risk of trans- 
mission of 'the disease to heaUhy animals by the operator s needle. Deaths under 
these conditions, due to natural infection, would, in the majority of cases, be 
attributed to the vaccine. 

Until powers are available for compulsory inoculation of cattle and buffaloes 
at any time it is considered necessary, little progress in connection with the control 
of the disease in village herds can be hoped for. 

Although the results in the Laboratory tests were considered satisfactory and 
conclusive, it is realized that the final test of the efficacy of the vaccine will be the 
results during the coming anthrax period (April to July) in vaccinated animals 
working in the infected areas. 

It is hoped that the inoculation of a sufficiently large number of elephants will 
be completed this year before this period to allow of reliable data being obtained 
for comparison with figures for the same areas in previous seasons. 


Duration op degree op Immunity. 

It is the experience, in immunisation of animals against anthrax, that immunity 
lasts about 12—16 months. It is customary therefore to repeat the vaccination 
it 12 monthly intervals. 

This is essential because an area once infected with anthrax remains so almost 
Permanently. The spores, the infective agent, are highly resistant and are known to 
'emain active for over 30 years. 
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Under ordinary conditions this annual inoculation is all that is necessary to 
prevent mortality, but if the area is grossly infected or if an outbreak among non- 
protected animals occurred in the neighbourhood, it would be necessary to re-inoculate 
for the sake of safety at intervals of six months. 

The question of diuation of the immunity elephants may be tested out in the 
future when arrangements can be made, and if it is considered that a test is neces- 
sary. At present there is no intention to do so as it would involve considerable 
expense for which there is no justification. 

Keeping Qualities op the Vaccine. 

The vaccine is a very stable product and under good storage conditions will 
remain unaffected for a considerable period. No difficulty should be experienced 
with regard to its distribution in the jungle areas where it will be used, as it will 
keep for about two months after issue from the Laboratory if protected from light 
and heat. 


Inoculation op Herds. 

The operation of vaccination is a very simple procedure and can be performed 
by any one having a knowledge of general principles of sterilization and asepsis. 
It is proposed therefore to train forest assistants in tlie various timber firms, etc., 
which will require to have large numbers of animals vaccinated annually in this 
work, by a series of practical demonstrations now being arranged. This will relieve 
the Civil Veterinary Department of the responsibility for having to arrange for 
these aimual inoculations in the future. With tlie present staff at our disposal it 
would be impossible to undertake this w^ork on firm’s elephants in the forest areas, 
but selected members of the Veterinary Stafi will be trained in the work so that 
they will be able to deal with animals in infected areas in their districts. 

Supply of Vaccine. 

A sufficient supply of tested vaccine is available to meet all requirements during 
this season 1930-31, but it will be necessary to make provision for the season 1931- 
32 during this present year. 

The Special llesearch Officer having now taken over control of the Department, 
it will not be possible for him to devote any lengthy periods of time to research work 
and it is hoped that from among the applicants for the posts now being advertised 
it will be possible to select one having the requisite Laboratory experience to carry 
on this work. 
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Antifrax in Horsfs. 

No Laboratory tests liave been carried out iii regard to tlie immunisation of 
Jiorses against this disease. 

Horses are higldy susceptible to antlirax, much more so than (tat tle or elephants, 
and a vaccine suitable for immunising this species would require to bo specially 
made and of a very low degree of virulence. 

The cost of preparing a vaccine is maiidy Ihe cost of the expcfimental animals 
used, and if only a small quantity was necessary the cost of production would bo 
prohibitive. 

TJie distribution of the disease in horses aj>poars to be limited to the Insein 
District and the number of animals which would be subiniited for vaccination would 
be comparatively few. Under th(‘S(‘. conditions it is considered that it would not 
l)e economical to maintain a stock of vac.cdne suitable for horses. Tf however it can 
b<^ shown that the cost of production wx)uld be justifhuJ. a stock could be pr(q)ared 
in the future. 

Concluding Hemarks. 

The assistance which has been given by firms and individuals during the last 
couple of years wliile work on tliis problem was in [)rogress is most gratefully 
acknowledged, in particular the help and encouragenuuit whicli was rec(uved on 
many occasions from numibers of the Bombay Jbirmah Trading Corporation. The 
arrangements for carrying out tests in elejdiants and buffaloes were organised by 
this firm and no trouble or exp(*,nse was spar(*,d to maki^ the arrangements as perfect 
as possible. To Mr. Wrought on and Mr. Prior must- be given tlui credit for making 
these tests possible. 

The public; spirited action of the four contributing firms in putting up edephants 
tor the test will be recognised as higlily coninicndabk* when it^ is realized that had 
the tests been unsuccessful they would have lost, in elephants alonc^, a sum of 
a])proximatcly Rs. 80,000. 

The local arrangements for the test at Shwenyaungbin were dealt with by 
Messrs. MacGregor & Co., Toiingoo, wdio willingly seconded theu’r \'eterinary Assist^ 
ant for the duration of the tests at considerable inconveni<‘nce. The w'cuk of this 
officer, Mr. Birch, was very higldy appreciated. He was in sole charge of the camp 
until the work with virulent anthrax was commenced and rendered invaluabh*. aid 
throughout in the control and management of ihe. elephants and their attendants, 
erection of crush pen for inoculation and cremation of the carcases of the animals 
which died. 

The developments during this coming sea.sou in immunised animals will be 
aw'aited with interest, and, in view of the results hercun recorded, with a consider- 
able amount of confidence, 

H 
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An Interesting Case of Cystic Calculi* 

(With Plate VL) 

A Said wal stud bull, eight years old, while in active service, suddenly showed 
acute s)-raptoriia of colic, on the morning of the 9th October, 1930. I suspected acute 
digestive trouble and full dose of linseed oil with spt. ammonia aromaticus was 
administered and the bull was given gentle walking exercise. After three hours, 
finding no relief and the pain getting severer, another dose of oil was administered 
with the same result. The temperature and pulse were normal, but the respiration 
was laboured. Defecation and urination were arrested. A full dose of magncsii 
sulph. with spt. ammonia aromaticus and tinct. bclladona was adndnistered and 
warm soap water enema was given in the afternoon- at 3 p.m. A small quantity 
of soft dung was passed and the animal looked a bit relieved, but there was no 
attempt to urinate, which drew attention to some obstruction in the urinary tract 
and treatment was directed to stimulate the urinary apparatus to perform its held 
up function. The bull was given internally repeated doses of dieiirctics and blankets 
wrung out in hot water were applied to the loins. lie i)assed a small quantity of 
urine on the 10th morning, at about 11 a.m., after which he did not even attempt to 
urinate till he died, althougli all medicinal treatments were tried up to the end. 
Palpation of the bladder from the rectum showed that it was full and the animal 
evinced pain on pressure. The bull appeared spiritless, ceased to o^t or drink, the 
pulse quiclvcned latterly and the expiration became prolonged and painful. There 
was considerable oedema of the dewlap and brisket ; the animal broke into profuse 
sweat and ultimately died of uraemic poisoning on the 15tli morning. The obstruc- 
tion was suspected to be in the lurethra, as the bladder was full on palpation. It. 
was diagnosed as calculi which had escaped from the bladder into the sigmoid flexure 
of the penis which is especially predisposed to this accident owing to the narrowness 
of the lumen and tortuous course of the canal — the stones having been intercepted 
in their course from the bladder at the outward or first flexure of the 
urethra above and in front of the scrotum. In consequence of the great diflGlculty 
in reaching the calculi when lodged about the flexure and apprehending possible 
rupture of tlie already over distended bladder, a surgical operation was deemed 
inadvisable. The bull’s temperature on the 14th evening was 100°’2F. and 15tli 
ftiorning 100®F. and he did not show any alarming symptoms until a few hours 
before death. Accumulation of urine in the bladder produces in the more sensitive 
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nnimals, siicli as horses and dogs, very early signs of discomfort and pain, whereas 
in the indolent ruminant, (\sptM ially hulls several days may elapse before any eliarac- 
teristic symptoms are noticed. 

On fosl mortem the bladder which was intensely eougested with diptheritic 
centres all over was found still full. The whole urinary canal from the bladder to 
the end of tlio penis was dissected out intact and cut open. On the floor of the 
bladder were found numerous round bodies varying in size and shape from Snlp(‘- shot 
to Buck shot with a shining mclallie surface (Plate VI). Similar bodies were found 
all along the course of the im^thra ; and the signioi<l fl(‘xure was chokfid with ttu\se 
rou.ud bodh^s of varying sizes (Plat.(i VI). One of tlui largest size was found lodged in 
the lumen, 4 indies below the second flexure am! this wiis the cause of complete 
blockade of the flow of urine from tlui bladder. Tlu^ kidneys were highly congested, 
and the cortical portion of the right kidney showed fatty degeneric, centres. The other 
organs showed more or less ])athological changes, and interstitial oedema due to 
uraemic poisoning. The death resulted from uraemia from retention of urine in the 
bladder for a week owing to the serious obstruction caused by calculi. The calculi 
was analysed and found to be chiefly composed of ealciiim carbonate. These are 
due to an excess of salt in the urine caused by drinking water containing too much 
lime or eating food too rich in lime and magnesia. 

Tile calculi weighed 4 drachms and 10 grains. The shining metallic colour 
wlieii removed from the bladder was diu^ to the coating of urobilin, the colouring 
uuitte.r present in the urine a( cumulated in the bladder. This metallic, lustre dis- 
;ippe,an3d after ex])Osure and drying. Tlui indohmi habits of Sahiwal bulls s<u’ve as 
|)r(*(lisposiiig caiis(‘s to this trouble, in places wliere the soil and water are rich in 
lime, it is essential to examine the urine of the stud bulls as they advance in age, 
and if any deposits or sediments are noticed to give them aeidnlated water (dilutii 
Itydro' hloric a(?id— -2 drachms) in drinking water occasionally. In liuman beings the 
similar deposits occur but generally people drink water after boiling and they take 
sulUoient acids in their food which caiuse the calcium salts to dissolve and pass oil 

in the urine. Plate VI, fig. 1 shows the varying size of the cahuili found in the 
bladder and all along the course of the nretlira and Plate VI, fig. 2 shows how the 
sigmoid flexure was choked with these calculi [L. S. Josefii]. 

The first case ot Simple Monstrosity in the Pusa Dairy Herd 
dui ing its existence of over 20 years in Pusa. 

(With Plates VII and VIII.) 

This was a ease of simple monstrosity with combination of the second order 
Nanomelus Brevis ’’ (all linihs and ears and tail short) and third ord(*T “ Labium 
beporimim (harelip), witli spina bifida (division of the spinal column) and 
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Anasarca (fluid beneath the skin). A half-Ayrshire-Sahiwal cow, Vida No. 170. 
aged about six years in calf 7| months to a Montgomery bull, Moti No. 368, which 
died recently from uraemic poisoning, after her three previous normal calvings and 
normal liealthy calves, threw her still-born monster heifer calf on the morning of the 
19th October, 1930, without any undue straining or exertion on the part of the 
mother. From the size of the foetus as seen from Plates VII and VIII, one would 
wonder how the process of expulsion was effected so easily without any external help. 
The explanation is, that the connective tissue of the entire body of the foetus from 
head to the croup was infiltrated with serum, and the young creature although in 
appearance double the size of an ordinary calf and weighing 50 lbs. was quite 
supple, and the rent in the spinial column facilitated the expulsion without any 
external aid. 


General appearance. 

Tlie body of a wild boar with short legs, ears and tail, the head of a lioness, 
enormously large, short face and hare lipped. There was a rent of 4 inches on the 
back behind the withers. 

T!h(^ post mortem revealed a largo quantity of scrosanguineous fluid in the 
abdominal and thoracic cavities and similar fluid was found under the skin. The 
spine appeared broken, having a gap of 4 inches, between the end of th(i cervical 
and the beginning of dorsal regions and the spinal chord was found as if torn asunder 
and hanging. The other organs were normal and perfectly developed. 

In India people believe that the appearance of monstrosities in domestic animals 
is due to the influence of enraged gods, and they arc regarded with fear or horror. 
Some regard them as prodigies, or freaks of Nature, and describe them as marvels or 
curiosities, but scientifically they are simple modifications, or irregularities in the 
development of organs of the foetus in utero. The embryo of the domestic animals, 
in arriving at its ultimate development, appears to pass through all the degrees of 
organization which mark the different types in the zoological series. The embryo 
has been submitted to some kind of alteration ‘ in utero ' and this has been produced 
during the interval between conception and birtli [L. S. Joseph], 
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Fig. I . Showing the head. 



Fig. 2. Showing the whole length of the body. 


A CASE OF SIMPLE MONSTROSITY IN PuSA DaIRY HeRD, 



Fig. 2. Stand ing posture 
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The Inheritance of Butter*«Fat percentage in Crosses of Jersey with Red Danes. -' 

Chr. Wriej)T. {Journal of Genetics, Vol. 22, No. I, April 1930.) 

. In nil article, published posihumoiisly under the above iillo, the author diiiws attention to the 
danger which clearly exists that the oocurronce of variations duo to living conditions, as well as 
others due to non-gencti ‘al causes, may be overlooked, and supports the conclusion, which has been 
drawn by oxp(?rienced live-stock breeders, that practically all the economically important charaotoris* 
tics ot our domesticated animals depend upon a complicated reaction ; between heritable factors and 
the conditions under which the animals live, while there are other variations the causes of which 
we do not yet know. ^ 

It is well known that precise gi‘neti(!al analysis of Iioritablo factors of economic value in 
such slow breeding animals as callle is extremely slow and expensive and it is obvious that properly 
controlled ex['crimoiitation, on a scale suflioiontly large to warrant detinite conclusions, presents 
obstacles which are practically insuperable* It is, therefore, natural that no great progress has 
been made in the analysis of the economically im perl ant characteristics of even tlio principal milk 
breeds and clear instances arc cited in this article in support of tlie lu'ccssity for accapting non- 
genetic variability, wbicb has nothing to do with living <’ondiiions. It is pointed out that hultei-fat 
percentage in milk obviously depends on the fodder to a great extent. Mxoreiso and condition of 
mating of the coWs also i roduce a great deal of variation not iJitUienced by heredity, and the author 
states that to this must be added the i)Ossibiliiy, [K.uhaps indeed the probability, of other variations, 
the causes of which are unknown. 

A critical analysis of tlie heredity of butter-fat, in various crosses between Jersey and lied 
Danish callle, is made in tins article, and the following cofjclusion is drawn, vlz> : — 

‘‘As a result of the investig.iti(M\M 1 state as conclusion that all data scuun to indicate that one 
genetic factor exists which causes flie dilTcrence in content of butter-fat in the milk of the Jersey 
and lied Danish breeds. This genetic factor varies in its elVeot, but the idVect is orpially great 
whether it meets a gene f(U’ high or low percentage hultcr-fat. besides this, it is ])ossible that 
some of the Jersey bulls used in tlie experiment had a modifying factor which e.'iiised an increa^^ 
in butter-fat percentage, but the existenee of this factor ha8«4iot yet been deliiiitely proved.’* [A. U.J 


Un nouveau m^'^dicament pour le traitement des piroplasmoses. (A new drug for 
the Treatment of Piroplasmoses.) ~'A. TifKiLKR. (Jhdl. Soo. Path, Exot, 1930. 
May 14, Vol. 23, No. 5, pp. 506-529. With 22 text-tigs.) 

The author points out that trypanbluc has had a widi^ application in the successful treatment 
of piroplasmosis both natural and experimental. But, more particularly since the war, there have 
appeared on the market substances called trypanbluc which not only are devoid of any parasiticidal 
action, but arc liable on injection even by experienced persons Id produce alarming symptoms of 
shock. In the course of a tour in t^ueensland two ^eavs ago Tliciler heard it said that trypanbluc 
was quite useless for the treatmeut of red-water as it occurred in that country. 

( 167 ) 
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This faci caused the ,'iutb(»r to decide upon the imblicatioii of tlic results which lie obtained at 
Onderstepoort in 19:2?6 and 1928 with a new dru^ which ho calls “Pirobluo**. The expcriinouts 
carried out in the Sandoz laboratories by Muller have shown that the parasiticidal action of stains 
such as trypanblue and others can bo .greatly increased if they are combined in an ajipropriate form 
with the bile acids. This combination can bo elTectod witliout producin^^ any pro 2 )ortional increase 
in their toxicity. 

Tlio bile acids and their salts jiossess no parasiticidal jxiwer of their own, but their a88r)cialion 
with ])urc trypanbluo renders it possible to reduce the dose of the drug to a point at wliicli toxicity 
does not cmne into coiisidcrution at all. Not only so, the parasiticidal action is aetiinlly increased. 

According to Stoll, the explanation of this elVect is probably as follows : J>ile acids exert a 
profound elVect ujjon the surface tension of liquids contnining them. This tact is made use of 
commercially in dyeing, and this iiroi^erty enables drugs combined with tliem to come into closer 
contact wi t h j larasi I os. 

Two com^joiindfi, wjiich arc called TlS and Tl!) were used for experiment. Tliesc were cunipo.sctl 
of the pure dye and sodium etiolate in dilVerent proportions. These compounds possessed similar 
properties, and it was decided to make one intermediate in comiirisitioii IjoIwclmi these for commercial 
application. 

The toxicity of “ Pirohlue ” was tested upon miei*, hut, In sjiit.* of (lie use of a large series of 
aiiilmils (nearly 100) the results were, for some unkiiowu reasons, discordant. 

A series of guinea-jiigs was placed uiidtu’ test by iulravonoiis injection. In the imijority of 
cases a 6 per cent, solution was used, and doses wore graduated so as to give ()‘l g. per leg. 
upwards. In this series concordant ri'sults were obtained, and the toxic dose by intravenous injec- 
tion was found to be 0*19 g. per kg. 

Full detjiils are given of twelve observations canded out. on pure-bred Polled Angus cattle, 
live upon African native bred animals obtained from areas free from piroplasmosis, and live iiiion 
liorses. Four of the latter were animals undergoing liyjierimmiinization against horse sickness, the 
oilier a sporadic c-ise. One of the animals was infected with /*. cahalUy and the other four witfi 
NuttaJ/id e(jui. Thi‘. whole of tlie seventeen bovinos used Avere infected artiiicially with 
P. higeminum. Of the lAvelve ijcotcli animals six developed haemogloboniria as did also two of the 
African cattle. The blocd used was therefore of considerable virulence. The majority of animals 
also developed liigh fever. 

Both compounds TIH and T19 were used, in 1 and 2 pu* cent, solutions, and doses of 10 ) c.c. 
for adults and 60 c.c. for calves were given intravenously, lu no case was any evidence of sbf)ck 
observed. One of the African cattle was given 50 c.c. of t per cent, solution of Tl8 witliout 
producing trouble of any kind. 

In vinery case the temperatuvo i)romj»tly fell and parasites disappeared from the circulation 
within 21 hours, and there was a and stiryrt'sing im])rovcmL'nt in condition. In one cssc 

death occurred, but the calf in question should not have been put under treatment, as it was sulferiiig 
from a jiaratyiiboid infection. 

TlS and T 10' do not produce com idete sterilization as is shown by the fact that in ei'dit in- 
stances parasites roa])p«ared in the blood in small numbers some days after their first disappearance. 
This is not an undesirable resrdt, because preinunization against pirojilasmosis depends upon the 
[jersistence of the i>arahite in the blood. The new drug is suitable uieicforc for use in the lA-emuiii- 
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i{ ion (»f animals, ami it can le given without risk to valua])!e imported animals. Tim possibility 
using solutions up to 4 per cent, strength permits of a redueti»»ii in tlie amount ot‘ li<[uid injected 
I n‘asonjiblo lu’oportions. 

Until further experimentation lias fuiiiishcd fuller information, Thciler rceommeiids the follow- 
g doses 

For calves or slight cases : — 

50 c. c. of a 2 i)er cent, solution in water, 

or loo c. c. of a 1 per cent, solution in water. 

For serious cases in ndiilt animals : — 

60 c. c. of a 1 per cent, solution in water, 

or loo e. e. of a 2 per cent, solution in water. 

All tlic animals tn'ated in the experimonts Jiinl been inrected by ilu* in ject inn of vii iilcnt blood, 
it Ihe author sees no roasf»n wby similar rcaolis should not bo obfiniiod in naturally cmilracted 

St'S. 

'riu' four ca'-’es of erpiines infected with NuKaJiia etjiii \scre all cured, but d'iicilcr n't'ommends 
liilioii for the time being in diawing et nclusitms as It) lh<* cHicacy of (be drug against (Iii,.; p:ira>,ilc. 
lie lirst ease Ireated was a severe one and two injeedioiis were necessary to can a* the disappearance 
the parj’tsites. In the other eases tlHmlisapp(‘aranc)‘ (d‘ tin' [larasites was md imincdi.ilc, and tin* 
iiijxTaturo remained liigh for 2*1 liours afb'r tin' injection. 1 1 must, therefore, be c.meludcd tliat 
e drug is probably less active against iS'uttallia than against Biroplasma. J'lm fact lliat a ease of 
itlalliasis with liaeiiioglohinnria recovered after two injt'ctions i> sullieii'iit to rct'ommt'nd the iisi* of 
e drug, inovt' jiart ieularly because u]i to the present no known diug lias been of any value for the 
eatment of this condition. 

1 1 is HUggosti'd that I’irobluo will proltahly prove ;elTot'tive agjiin.-,t canine pii'oplasmosis ami 
jain^t diseases caused hy liahc.^iclla, hut tin' author nt»tes, without uivlng any details, that it is 
lite withonl action on 7!4c//rr/(t pttf'v.t and Ana[»la.sn:a. (Reprinted fr..m I t /r/'/nurj/ 

nflclin, Vol. ly, Xo. 4, December 11)30.) 

Feeding standards (or dairy cows, '1 • Ualnan, J\1.A. 

TJie fiillow'ing .siigge^iied standard for dairy cows is taken Irom an article mi tin* ‘‘ hh c'diiig 
andards for Jlairy Dews”, by 11 T. Hainan, M.A., Sehool of Agrieiilture, Camhiidgc, |ini)li hid 
Wm Juarnal vj iJairj/ l^vsearch^ Volume 1, No. 1, datovl .Xovemher iDJVh The lull ai t iel(^ .shoiil)!, 
uvever, be ivad by those interested in tlic siiliji'ct. 


A SlUniK.STKD .ST\M)AI{I). 

From the evidence given in thi.s mom»grap)i it would appe;ir that .'i .suitable standaid lor milk 
’oduetion w’ould be 

(1) For mainleiiaiice of llio ],0()0 lb. eow; 6,440 cals, m i energy, or 5 !1>. starch c.juivalent, 

containing 0^6 ll>. digestible I'rolein or (rO lb. protein ••.|nivalcnt. 

(2) For tlie produetion of 1 gallon of 4 per «*,cnt. fat milk : 2'a lb. >.tarch eijul valent nr J,/77 

eals. not energy, containing 0’48 ib. dige.dil»lo pure |>roli‘in or Go/ lb. protein 
eiiuivalenl. 
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on Amli*iw?i*s foniiul le, tli« r<Mjuiivuu*iits for milk of vnrious fat puroontnuio.s would bt 
l«*r ^^alloii ; — 


Fat per cent. 

Cornpositii 

Dll (d milk 

Food rcipiircmenl'S 

Protein 

Calorie.s 

Digest. i hie jinro 
[►roLun 

Protein 
equi vahnt 

Starch 
eipii valent 

2-5 

0-271 

2,040 

0-40 

0-48 

1-9 

.‘{•O 

* 0-294 

2,903 

0-42 

0*50 

21 

3*5 

0-310 

a.uio 

0'.ir> 

0-.">4 

2-3 

4 0 

0-:J3S 

3,417 

0-48 

0-57 

2-5 

4-6 

0*300 

3,074 

0-52 

0*02 

2-7 

GO 

0-383 

3,931 

0*55 

0-60 

2-9 

5-5 

0-405 

4,188 

0-58 

009 

3-1 

GO 

0-427 

4,445 

0*01 

0*73 

3-3 

G’G 

0-450 

4,702 

U-04 

0-7() 

3-4 

70 

0-472 

1,959 

0-07 

0*80 

3-0 


Sur r adaptation des tirypanosomes a 1’ homme. [ The Adaptation of Trypano- 
somes to ManJ* b'. Mksnil, Jhill. f%o. Path. Exot. 1930, July 9, Vol. 23, No. 7, 
pp. 719—721. 

Mosiiil gives reasons for thinking ihat the occasional cases ot infection of human beings with 
luu’cly iiniinal Irypanosoines are due t(» some special condition of Die individual. 

Tlie case recorded by Vaucid supporls (he view tha( 71 rho(lc<'^'U'n!ie is in reality 71 brncel adapl(3d 
to man. On the other hand, the observation made by Mesnil with Uingenbaeli in 1911, that in the 
lahorat-ory T» rhodesiense rajiidly becomes susceptible to the action of hiimaii seniiii, led him to think 
that 1\ rliodcsiense Avas ot recent ada])tation to man. 

Tlie facts indicate that this adajdation may be ])uri‘ly accidental, and that no doubt is the reason 
Avhy 1\ rhodcsiense occurs sporadically. 

A practical conclusion that is drawn is that all kinds of trypanosomes shoald be handled with 
the greatest caution. The chances of infection may be slight, but they are nevertholoss real. (Re- 
jiriuted from 'J'ropiral Vvln'inarij EvHelin, Vol. IS, No. 4, December 1930.) 

Action of Formaldehyde on the Aggressive Substance of Blackleg Filtratef 
Bacterin and Aggressin, ^ osEni P. fc^coTT. Jour. Inf. Dis., xlvi (1930), G, p. 4G0. 

tVmcent vat ions of 0 5 p<T cent, formaldehyde increased blackleg aggressin, filtrates and bactcr- 
iu8 to their great*: st potency. The increase in potency produced in these products is dependent on 
the amount of aggressive substance developed in (he culture from Avliich the ])rodiict is made. 
Ponnaldchydc apimrently acts on the aggressive substance in a quantitative manner. The presence 
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or absence of bacterial cellg ill the product has no efi'ect on the potency. It ie shown that the 
amount of growth, the production of aggressive substances and tlio pathogenicity of a blackleg 
culture are independent. Virulent blackleg cultures cousMs of three parts: (1) living bacterial 
cells, (U) aggressive substances or products of growth pnjdiicod during the development of cultures 
Clostridium chaiivaci lethal substance or specific activity of the virulent bacterial 

cells. Potent blackleg products should have a potency of at least 20 aggressive units per dose, lly 
the use of certain mineral salts and of the proper ainouiil of fonnaldehydo, blackleg filtrates and 
bactcrins having potenciej of and 260 aggressive units can be produced, formaldehyde inhi- 
bits the agglutinogen but increases the activity of the protect ivo antigenic complex. (Kciirinted fnun 
Jourti'jl of the American Veterinanj Mvdi al Assoeialion^ New Series, \^)1. 3(b No. 6, November, 
1030.) 

Eleventh International Veterinary Congress, London, August 4th to 9th, 1930.— 

(From The Journal of Comparative Pathology and Therapeutics, Vol. XLllI, Part 4, 
December 1930.) 

Ubsoli'tions. 

At the closing meeting of the Congress, held on Saturday, August Ptli, 1930, the following 
lleHolutioiis were passed. 

I. Official fjaniftiages. — That for future Cougiesses the olTicial languages remain as at prcReni, 
viz., English, French and German, but that, if found possible, the summaries of reports may be 
translated also into Italian and Spanish. 

If. J)ale and place of Next (■ongress , — That tlieiiivilation of the Aim'rican Veterinary Medi- 
eaJ Association for the next Congress to be hel*! in the United Stales of America, probably at llosion 
in the year 1934, be accepted. 

III. Fool-and- Mouth D/a'0cj.vc.— That, in the opinion of the Congress: - 

(«) The establishment of the existence of a plurality of viruses foui-aiid-inoulh disease is of 
the highest signiticance in relation to the epizootiology of the disease and to methods of 
active and passive immunization. 

{h) It is highly desirable that in all countries the type of virus juO'Cnt should b«‘ determined 
in all primary outbreaks. 

(c) In respect of disinfection, it should always bo ro.iiemben* 1 that boili th<* diseased animals 
and the buildings constitutt; a serious danger in the sju’ead of t he disease. 

(</) The most efiicient disinfecting agents are moist heat and sunlight and, of chemical 
agents, potassium and sodium Iiyd rates and formalin. 

{c) The value of passive immunization has been established, .‘iiid its use in practice in favour- 
able circumstances is to be encouraged. 

(/*) It is highly desirable that all possible elVorts sliould be made t o discover an efiieiiuit metlnjd 
of active immunization. 

IV. Infectious Ahorlion of Sheep, Ciltle and Swinc.-^[a) That flcicmtific invdstigaiioiis regard- 

ing contagions bovine abortion are essential in all civilised couiitrios, jjarticularly for the pnr])08e of 
controlling the disease, the preparation of an cITective method of immunization, the elucidation of the 
role of Haclenum abortus as a cause of disease in man, and determining tlio relationship 

between the disease caused by this organism in man and Malta fever. 

(^) That, in view of the very widespread occurrence of infectious abortion of cattle in all civilised 
countries, an international scientific investigation should be carried oul-, and that such an investi- 
gation would come withiu the purview of the office International des Epizooties de Paris. 
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V. lirlaf ionship of the Veterinary Sargcaa to Aniniil Husbandry, — That, in view of its 
iinportaiu’c to the welfare of the public, Aniniiil jrusbandiy (Zouteehiiy) should be given a prominent 
]>o.sition in th(! progriiinine of every future Congress. 

\ l. Veterinary Science in Relation to Public with special Refer; nee to P rodaction 

and Distribution of M ctd and M ilk' . — That at the next Congress a siieeial Section for Meat and 
Milk Hygiene should be created. 

VII. The Late Govermny the practice cf Veterinary Medicine and Surgery, — (a) That the 
Congress urges upon Goveriiinents the necessity for legislation giving to the veterinary profession 
such power as will enable it to exert a uniforui control over the health of domestic animals. 

{b) That the title of Veterinary Surgeon ouglit to be legally protected, and that only those 
should be autborised to practise animal medicine who possess a dii>loina granted or recognised by 
the State. 

VIII. Anthrax. — That in the gener.il interest of Puhlie lIiMlth in all countries it is an 
indispensable duty t(» take etfective precautions against the infection of huiniin beings and animals 
with Anthrax by animal products, smdi as bones, bonemeal and hides, containing the germs of the 
disease. 

(/>) That regulations are urgently luu'ded to juvvent the trade in raw materials from animals 
dead of Anthrax. If the laws in force in an cxpoi‘ti>»g country aiv not sudicieni for this purj)ose, 
it is essential that the suspcctiul pn duets should be tcstc<l or stcrili’ied in the imporLing country 
hefore tlu'V are allowed to pass into gciuMal trade. 

(c) That only an exjiosiirc' to steam under pressure fur M'veva,! hours t*an at lht‘ [)n’S(Mit time be 
considered satisfactory for the thorough disinfection of animal ])rodu(‘ts infected with Antbrax. 

IX. Stifndardis dhni o/' Jholoyic d Trottncfs.^'VWA, the attention of the oHum' International 
des Kpi/ooties do Paris be drawn to t he urgont necessity of a piaonpt iMmsidcration of the (picstioii 
of the standardisatit)!! of bioh'gical ju’oduct s. 

X. Diseases of the New'horn. That, having regard to the good results of the organisation 
for combating diseases of the Xew-borii in Germany, the dougress ivcomiiKMuK that in ail eoiiutrics 
similar organisations should be (‘stablished, with a view to the fonnatioii of a,n international Union 
for that purjiose, to which each country would furnish annual reports for circulation to .all countries 
concerned. 

XI. Rinderpest, That this Congress eon^«idel^s that sulllcienl knowh'dge of practicable 
methods is now available to eradicate IJimlerpest within a resonable jU'iiod of time in any country 
which will provide adequate facilities for their apj»licatiou, and urges ujinn all <H.)Vernmeiits to 
ct (-operate t(( this end. 

W\, Ft)id Typhoid and liaciilary W hite Diarrhoea ^ — Thai, in the O])inion of this Con- 
gress, till' method of diagno.sis and pvojdiylaxis of Hacillary Wliito Diarrhiea of Chickens by syste- 
matic agglutination tests, carried out by qualified veterinarians, is at the present moment the ^(rocc- 
diiie most to be vecommeiided. 

XII 1. Genetics, (a) That Veterinary Schools and Veterinary Institutes should be provided 
with the Bcienlilic and ex]'eriineiilal facilities necess.ary for the proi'er teaching of /ootechnics. 

That the ncOcssnry funds for carrying out experimental researches should be accorded to 
the leaching stalVs. 

(c) That as far as possible the services of Veterinary Surgeons should be utilised in applying 
the measures designed to improve animal IiUbbandry. 
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Rinderpest in Goats in Nigeria. — W. G. Bkaton, M. R. (\ V. S. 

The following summary of an article on Rinderpest in Goats in Nigeria by W. G. 
Heaton, M. R. C. V. S., Research OfIicer» Veterinary Laboratory, Vom, N. Nigeria, 
])iiblished in the Journal of Comparative Pathology and Therapeutics y Vol. XLIII, Part 4, 
December, 1930, pp. 301-307, I think, is of great practical interest to those engaged on 
rinderpest control in India : — 

Sum M All V. 

1. Rinderpest in Nigeria lias been studied with a view tu dilTcreiitiating the lung lesion in this 
eoiidition from other sjtecific juieinnonias. 

2. It lias been shown that : — 

(a) (loats inny ho infected witli Rinderpest by inoculation with hovine virulent blood. 

[h) Doat virulent blood produces Rinderpest in bovines and other goats. 

(c) (loats may bo infc'cted by contact witli reacting goals. 

{d) (loats and bovinos may be infected by goat blood from 'j^)ntaet inlection. 

(e) (loats and bovines may be infected by bovine bhod infected with goat strain. 

(y') Goats maybe infected by contact with infective bovines. 

(f/) J’ovincs may be inf('ct(‘d by contact with iideclive gouts. 

Knriber work has heen doin^ with the doublo-inoeiilation of goats with bovlm* hl«a)d and hovine 
.intl-rindcrpest serum, and vaeeinatioii with bovine cplccn vaecine. 

DilVer(>ntiation of tins disoasc from contagious i)leuro-l'neum()nia, by contact infection of known 
Rindcr])est immune goats W'ith the latter disease, occupied much lime also. 

Third of U. S. Practically Free from Bovine Tuherculosis— {Journal of (he 
American Veterinary Medical Association, New Scries, Vol. 30, No. 5, November 1930.) 

More tluin one-third of aU the counli(‘s if» tlie United Stales are now practically fro«‘ from 
iiovine tulau'culosis, tile U. S. Pepartment of Agriculture announced tbe past monih. On October I, 
there were l,0il5 counties classiiiod as “ modified accredited areas”. A high mark in this work was 
I'caeln’d in Sejitemher, when 21 counties w(‘re added to the nmdilied acerediled area. These counties 
were located in nim^ states and included a total of 13i,lo3 cattle. Twelve td the: counties w(*re in 
Ohio, whci’c veiy rajiid progress reccnlly has been ma<le in the eampaign. 

The Control of Warble Flies in North Wales.—W. Maluwyn Davtkk, 

Hii.l)., Adviser in Agriciiltunil Zoology, University Uollcge of North Wales, Haiigor. 
{Journal of the Ministry of Agriculture, Vol. XXXYlf, No. 9, December 1930.) 

SuM.MAKv OF Results. 

The bulk of the devris powder s(jhl to farmers in Nortli Wales during 1930 was Knp])lie<l from 
lour difpeivnt sonrce.s ; jHnvder from these sources was used in the trials along with two proprietary 
washes. When it was used as a wasli, derris powder from three of tin' sourei's proved highly toxic to 
warhlo-(ly larva,' under ^Mtieal, general an 1 ordinary farm conditions. Derris ])owder from tin* 
r(Miiaining source, while yielding a nir)d 0 rately liigh percentage, kill under the critical tests which 
ensured sufficient solution entering each warble hole, failed to j)roduce an effective kill under general 
•Hid ordinary farm condil ions. The writer is pleased to add that, in the case of the latter powder, 
f lie firm concerned, on being notified of these results, slated tliat no further supplies would be ob- 
tained frf>m that source. 

A solution which need only bo diluted wilh water before application has, for obvious reasons, 
a distinct advantage over a powder, and it was hoped lliai a solution >vhich was available would bo 
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founrl olTwlivp. ITiirortnnatply, tlic only wash availabli* for these tests failed t(» ^\re raoi’e than 75 
per cent, kill under ordinary larm conditions. It wag at first th(uiy;lit that the frothy nature of the 
wash on ajiplic-ation jnevented the entrance of the solution ; hut a second saniple was received which 
had been jnepiied on a loss frothy base ainl showed no ‘greater cfTiciency. 

(.-ort of AppLIf'ATION. 

Dcrrl.-i powder, highly toxic to warble lly larvjc, was obtained last season at a retail price of 
per lb. This was snilijnent to inaKc I gallon of wasli. The nniubcr of cattle that can bo treated 
with 1 g.illon of wash obviously varies with the degree of infosiation with warbles, the care taken in 
aj>j)lieation, etc. In the genoial tests (Division 2) abf»ve, with a heavy infestation, 1 gallon wag 
suffieicuit to <lr(‘ss hO-GO (tattle once. This was the initial dressing and naturally less wash would bo 
re(juired at subse<|uent dressings. 

It is estimated, from thi! work in the Demonstration Scboiuc where small herds were involved, 
that 1 lb. of derris ixjwdcr is .sufTicicnt to provide wash for four-monthly dressings on a farm with 
20-25 infested cattle. Dn this basis, the cost for four-monthly treutiuentg should not exceed 2 d. |M;r 
animal. 

Discussion. 

From the lu’oceding trials, it is evident that the (armor has at his disposal materials which, 
with ordinary can*, arc highly efiieient in the destruction of warbh'-tly larvje when applied under 
ordinary farm eoiulitious. Derris powdeiMvash is parlieulaily suitable f(»r this purpose, but, where- 
as most of the (h‘rris available to the farmers is highly tovie, the farmer luust beware lest lie obtains 
derris which is valueless f(ir the destruction of warliles. Although, last season, few firms could give 
a guarantee of toxicity it slioiitd he jnissilih* in future to obtain such guarantee provided the liriii can 
stale that the derris was obtained from the same source or that it has boon suhsequeutly tested. 

With the exisleiic(‘ of an ellieient and inexpensive insecticide, the (ainlrol of tiie warble-fly now 
depends very largely upon th<* e(»-operation of farmers in organized anti-warble-lly campaigns. The 
advantage of treating cattle over large areas is obvious. During a period of agricultural depression, 
howevei, no additional expenditure upon insecticides will be undertaken unless pro8|X‘et.s of a (luiek 
retain are forthcoming. I’he larmer will recoivi* the immediate benefit through the better condition 
of his treated eatth* and he will also reduce tlie losses resulting from the ‘‘ gadding” caused by ^thc 
ily. The luonct iry value of these factor.s, unfortunately, is dillicult to estiuiatc, but several farmers 
who dressed their cattle for t lie first, time this season have expressed the ojunitm that there was a 
decided inn»rovcnient in the condition of the cattle after tvcatmcnl. Further, there is evidence that 
the lo/al butchers and dealers are fully alive to the situation and are prej):ircd to pay iO .v. to 2() v 
more for a non-waibled beast. These factors should encourage farmers to join in an anti-warble-lly 
campaign. 

Experiments on the Mechanical Transmission of West African Strains of 

Trypanosoma Brucei and T, Gambiense by Clossina and other Biting Flies. — W. 
T.vyluk, Ji. iSe., EiitomologiiSt, Tsetse Investigation, No^tll(^rn Nigeria. (Transactions oj 
the Royal Society of Tropical Medicine and Hygiene, Vol. XXIV, No. 1930.) 

SOMMAUY. 

1. Feiir strains of T, hrucei have been siu'ccssfully Iransinitted by the direct method, nsitn; 
(v lachinoides as nieebanical vector. 

2. Direct iransmi.ssiitns of T, hrucci by (». tachinoides liavc only been carried out where the 
interval betn ecu tbe break ill the iiifeetiiig feed and the resumption of the flies’ meal on a clear 
animal does not exceed tea minutes. 
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3, Successful transmission has been effected by as few as four infeetln*^ bitoe. 

d. Direct transiniHsions of T, hritcfi by the ai'ency of (J, iaehifKndef have only proved succoss- 
fiil where the averaj^o number of IrypanoHoines in tlie periplieval blood of the inf(Md(‘d animal e>cee(*(l8 
one in five microseopic fields. 

5. Some difference ai)peavs to exist in the direct transmisdbilily of the throe strains of 7', hrucei 

used, 

0. Ne<^ative results have been obtained in each of fifteen direct transmission experiments in 
which attempts were made to transmit six strains of gamhiennc by the aj^eney of G. fachinoidcs. 

7. T. hi'mei has been successfully iransuiitted by S. ralciirann by the direct metliod. ^ 

S. Experiments in wliich attempts have been made to employ A. cosfa/is, A. fnnealus^ uirdcs 
ritatus, and Lj/perosia (sp?) as meehnnieal vectors of T. btutcei have faib'd to (*ff(‘(it IransmissionH. 

9. Dissection and examination of the proboscis of f/. fttchijtotdfM at inlervals afttu- an infoctiiii^ 
meal, reveals the fact that motile trypanosomes may snrvivo in the proboscis for as lon^ as tlii<*e 
hours ; and that the maximum number of try]>ano.som(‘s eoiitaino 1 ift llie proboscis imim'diaiely after 
an in fee tinj^ meal is often very considerably in excess of (HX) when tryjKinosomos are ahundant in 
the peripheral blood of the infected animal. 

10. A brief account is p;ivcn of the behaviour of trypanosomes lakim np duriiij^ an infotded 
blood meal in tlu^ proboscis and i^ut of Stimto.vt/s^ A. cosfa/isf A. funestua and Lpprros'id, fn none 
of those Hies do Ihe trypiinosomos survive in the proboscis as lon^, or in s»ieh lai'^e number, as iu 
G, tachinoides. 

The Nature of Milk Fever, — ^I’rofossor J. RussKrji ('}RKia, Ph.l)., M.ll.O.V.S., 
Director, Animal Diseases Jles(‘,arch Tiistitute, Moreduii, MdiiiLur^h. (Kle,v(‘,utli rnterna-^ 
tioual Veterinary Congress, London, 1 930.) 

Sl/xM MABY. 

(i) There is no difference beiwe<*u the t'aledum values in parturieul cows and llioso in non- 
[)arturieut cows and in bullocks. 

(ii) Tbo onset of milk secret, ion is ;u'.comj>anied by a transieni, but a)>jtreeiable fall in Hks blood- 
calcium wliicli retiiriis io normal after the crisis of initiation (d’ lactatit u is passed. 

(iii) In milk fever tlion* is invarialdy a pninuimcrd fall in ibi‘ blood-cablnm («S2 cases 
examined). Tlu* degree of sevi vitv of ilie symptoms bears a ilistinct relation to the ealciiiui level in 
the blood. From a series of observations made in one case, befoni and during tin* at tack, tbe fall in 
calcium appears to be abrupt ; it is coincident with ilio onset and corresponds with I lie jirogressivo 
severity of the symptoms. 

(iv) In an examination of 81 case.s of diseased conditions in cuttle other tlian milk fever, none 
was found to present a hypocalcaeinia iu any way comparable to that wbicli obtains in tlmt diseaso. 

(v) Inflation of the mammae of normal laetuting ewes causes a vise; in the hlood-e.alcuum (about 
10 per cent.). 

(vi) Inflation of the mammae of the cow in eases of milk fevtu* results in a pronouneed rise 
in tbe blood-calcium. The rise is at first rapid, and the case usually shows dofinite signs of recovery 
when a level of about 6 to 7 mgin. of calcium per cent, has been reached. 

(vii) Injection of calcium gluconate (Sandoz) exclusive of other treatment, elicits specilio 
curative response in milk fever. 

(viii) The subcutaneous injection of calcium gluconate can abort the milk fever atta< 5 k. 
Evidence is submitted that calcium injection immediately after calving and proferahly, reinforced by 
a second injection about 24 hours later would prove a preventive treatment. 
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(ix) The effect on tlie blood-calciura concentration of the oral administration of massive repeated 
doses of vitamin D u discussed. The observations su^j^est that ibe disease may be prevented by 
this moans by commencing a massive administration of vitamin 1) a few days before calving. 

An important general principle governing the coiinforaction effects of the calcium controlling 
mechanism upon sudden alteration of the normal blood-calciura level appears io have-emerged. 

(x) The blood-calcium values of normal sheep were observed. It would appear that the normal 
variation of blood-calcium is greater in sbeep than in cattle. 

The association of acute hypocalcaemia with lambing sickness is determined and the identity 
of this disease with milk fever established. 

* l^he known curative effects of mammary inflation in lambing sickness are nlso corrolatod witb 
a rise in the blood-calciura values. In one case the therapeutic effect of 3ubcutauef)us injection oF 
calcium was tested: The treatment resulted in rapid recovery. 

(xi) The calcium values of normal horses were found to bo considerably higher than those of 
cattle and sheep. In an examination of two cases of transit tetany in mares a pronounced bypocal- 
caomia was found. In one case of transit tetany, mammary inflation, and in the other calcium 
injection, was followed by complete cure. 


Conclusions. 

T. The essential cause of milhfevrr is an acute hlood-calnum cl eficipnci/, 

II. The specific curative afilion of mammary inflation r insists in raising the Ijlood-caJcium 
values, 

‘rbese coucluBions arc based on the following considerations : — 

(1) Milk fever is invariably associated with an acute bypocalcaemia. 

(2) The more severe cases correspond wHb the lower calcium values. 

(3) The fall in calcium is approximately coincident with the a])pe!ir.‘inoo of the symptoms. 

(4) Tetiny is a symptom in severe cases of milk rev(*r and the occnrrenco of tetany is recog- 

nised as consequent upon pronounced liypocalcaeinia. 

(5) Mammary inflation raises the level of blood-calcium in a normal lactating animal. 

(0) Mammary inflation elicits a marked rise in the level of blood-calcium in milk fever and 
cures the disease ; the process of cure, as manifested in the disappearance of the 
symptoms, corresponds with the rise of the blood-calcium. 

(7) Injection of calcium, exclusive of other treatment raises the blood-calcium concentration 

and cures the disease. 

(8) Milk fever in cows, lainbing sickness in ewes, and transit tetany in marcs are all rapidly 

cured by mammary inflation and these are the only conditions in an examination of 
over 500 samples of blood in which an acute hy]»ocab5aemia has been found. 


We have received the following publication from the Ministry of Agriculture 
and Fisheries, London : — 

RATIONS FOR LIVE STOCK, (Sixth Edition), by the late T. B. Wood, 

C. B.E., M.A.,. LL.D., F.I.C., F.R.S.; Revised by II. E. Woodman, M.A., Ph.l)., 

D. Sc. Ministry of Agriculture and Fisheries Miscellaneous Publications, No. 32, 
pages 1-1)2, 1930. [To be obtained at the office of the Ministry of Agriculture and 
Fisheries, 10, Whitehall Place, London, S. W. 1.] Price 6d. net, post free. 
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PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA. 


TO BE HAD FROM 

the manager, GOVERNIilENT OF INDIA CENTRAL PUBLICATION BRANCH, IMPERIAL 
SECRETARIAT BUILDING, 3. GOVERNMENT PLACE, WEST, CALCUTTA ; 

AND 

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS. 

A complete list of the publications of the Imperial Department of Agj^iculture in India can be obtain- 
ed on application from the above-mentioned. 

The following are the publications of the last two years 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial 
Dairy Export, the Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1927-28. Price, Rs. 2-0 or 45. 3r/. 

Scientifio Reports of the Agricultural Research Institute, Pu.sa (including the Reports of the Imperial 
Dairy Expert, Physiological Chemist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1928-29. Price, Rs. 2-8 or 4s, (id. 1929-30 — Rs.* 3-S or 05. 

Review of Agricultural Operations in India, 1926-27. Price, Rs. 2 or 3a. Od. 

Review of Agricultural Operations in India, 1927-28. Price, Rs. 2-0 or 45. 3d. 


MEMOIRS OF THE DEPARTMENT OP AGRICULTURE IN INDIA. 


VoL XT I, No. 

IV. 

Vol. XVI, No. 

V. 

Vol. XVI, No. 

VI. 

Vol. XVI, No. 

VII. 

VoL XVII, No. 

I. 

Vol. XVII, No. 

II. 

Vol. XVII, No. 

III. 

Vol. XVII, No. 

IV. 

Vol. XVII, No. 

V. 

Vol. XVII, No. 

VI. 

Vol. XVIII, No. 

I. 

Vol. XVIII, No. 

II. 

Vol. XVIII, No. 

III. 


Botanical Series. 

Further Studios of Indian Grasses and Grasslands, by W. Burns, d.so. 
(Edn.), L. B. Kulkarni, M.Ag, (Bom.), and S. R. Godbolb, b.sc. (Bom.). 
Price, Re. 1-4 or 25. 3d. 

Studies of Sugarcane roots at different stages of growth, by Rao Bahadub 
T. S. Venkatraman, b.a., and R. Thomas. Price, As. 13 or I 5 . 6d. 
Studies in Indian Pulses : 1. Lentil {Ervum lens Linn.), by F. J. F. Shaw, 
D.se., A.R.O.8., F.L.s., and Raeiul Das Bose, b.so. Price, Re. 1-10 or 
25. 6d. 

Pythivm aphanidermalnm (Eds.) Fitz. on Opuntia Dillenii Haw., by T. S. 

Ramakrisiina Ayyau, m.a. Price, As. 8 or lOd. 

Non-dehiscence of Anthers in Punjab-Amorican Cottons, by Trevor Thought, 
M.A. Price, As. 4 or 6d. 

Studies in the Wilt Disease of Cotton in the Bombay Kamatak, Series 1, 
by G. S, Kulkarni, M.Ag., and B. B. Mundkur, m.a.; with an Intro- 
duciicn by Harold II. Mann, d.sc. Price, As. 9 or I 5 . 

Cotton Wilt, by Jehanoir Fardunji Dastub, m.sc. Price, Re. 1-4 or 25. 3d. 
Studies in Inheritance in Cotton, by Mohammad Afzal, b.sc. (Agri.), a.i.c.t.a. 
Price, As. 14 or I 5 . 6d. 

Cotton Crowing in India in relation to Climate, by Trevor TjiOUoiiT, m.a., 
and Mohammad Afzal, b.sc. (Agri.), a.i.c.t.a. Price, As. 12 or Is, 3d. 
Effects of pome Meteorological conditions on the Growth of Punjab-Americari 
Cotton, by Titiivou Tjiouoht, m.a. Price, As. 7 or 9d. 

The Calculation of Linkage Values. A Comparison of Various Methods, by 
Mabbub Alum, m.sc. Price, Re. 1 or I 5 , 9d. 

Root Development of Rice under different conditions of Growth, by R. L. 

Sethi, m.sc., b.so., m.b.a.s. Price, As. 14 or I5. 6d. 

Studies in Indian Oil-seeds, No. 3. Carihamns tinctorius Linn. The 
Types of Safflower, by Khan Sahib Abdub Kahmaa Khan. Prioe, An. 4 
or 6d. ’ : Kv 



Botanical Series— con^. 

Vo\, XVIII, No. IV. Studies in Gujarat Tobaccos and their Improvement, by V. M. Majuuoab, 

Price, As. 12 or Is. 3d. 

Vol. XVIII, No. V. Studies in Indian OU-seeds, No. 4. The types of Sesamum indicum, by Kism 

Ram. Price, Re. 1-8 or 2s. 6i. « . u 

Vol. XVIII, No. VI. Classification and Study of the Characters of the cultivated Rices m the 

United Provinces, by R. L. Sbthi, m.so., b.so., m.b.a.9., and Baijanti 
Prasad Saxbna, L.Ag. Price, Re. 1-10 or 2s, 6d. 

Vol. XVIII, No. VII. The Inheritance of Characters in Rice, Part III, by K. Ramiah, L.Ag. 

(Madras), M.so., Dip. Agri. (Cantab.). Price, As. 14 or Is. 6a. 

Vol. XVIII, No. VIII. The Inheritance of Characters in Rice, Part IV, by K. Ramlih, L,Ag., M.3C., 
Dip. Agri. (Cantab.), S. Jouituaraj and S. DnARMALiNaAMUDALiAR, 
Price, Re. 1-6 or 2s. 3d. ^ o 7 • 

Vol. XVIII, No. IX. A Leafspot Disease of Andropogon Sorghum caufied by Gercospora Sorghi 
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NITROGEN RECUPERATION IN THE SOILS OP THE BOMBAY 

PRESIDENCY, PART II. 

BY 
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Agricultuml Chemist to Oovemment, Bombay Presidency 

AND 

B. H. GHATIKAR, M. Aa.. 

Assistant to the AgrieuUural Chemist, 

(Received for publication on 5th August \931.) 

I. Introduction. 

In the year 1926 a memoir wag published with the title ‘‘ Nitrogen Recuperation 
ill the Soils of the Bombay Deccan, Part I”. [Sahasrabuddho and Daji, 1926.] In 
this publication after making a menijoii of the work of the various investigators on 
the recuperation of nitrogen by soils, details of experiments done on the soil of 
the Bombay Deccan were described. The experiments were conducted in the 
laboratory on the medium black soil of the Deccan, taken at the end of the hot 
weather, kept dry and then exposed to varying conditions of light, water and 
temperature. The results were summarised as given below - 

(1) When water is added to the soil within ten days a large quantity of 

nitrogen is fixed and this goes on increasing till about thirty-five days 
and then slowly begins to decrease. 

(2) Up to 110 per cent, of water, the larger the quantity of the water, the 

higher is the nitrogen fixed. 

(3) The fixation of nitrogen and n^rification are higher at dO^C. than at 

lower temperature. 

(4) %lTicrease in nitrogen takes place both in the presence and absence of light. 

(5) Tlie addition of lime to the soil (already containing enough of lime) does 

not show any advantage, over the original soil in increasing nitrogen 
fixation, but it facilitates nitrification. 

(6) If the soil which has fixed the highest quantity of nitrogen after being 

moistened, gets dried up and then gets moistened again, the nitrogen 
increases further for four or five weeks more and then begins to go 
down. Repeated drying, however, does not increase the nitrogen 
contents beyond a certain limit. 
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(7) If the soil is heated to 100°C. it loses a small quantity of nitrogen. This, 
however, is soon made up, if enough water is added to it, and the total 
amount of nitrogcm fixed in the heated soil is found to be higher than 
that in the unlieated soil. 

This paper, which f(»rms Part II, is only a continuation of Part 1. It gives 
the results of ex])eriments done with different typical soils of the Bombay Presidency. 
It also records the results of exporimentB done to find out the (dVect oji nitrogen 
recuperation of added (a) lime as calcium carbonate, (b) phosphatic substances, (c) 
organic matter and (d) alkali salts. 

The soils alone or with additional substances were kept at 25 (.). in an 
incubator. It has been shown in Part I that the highei* the tianperatnre the higlicu’ 
is the nitrogen recuperation up to W V. This tempei at lue is a little higher than 
the temperature to wliicli soils in tln^ Bombay Deccan are laisinl. The records 
(Manjri Dry Farm) show that the highest daily temperatures of soils during the hot 
season vary from to and it was henca*. that during all the experiments 

soils were maintained at the constant temperature of .15' 

It was also ohs(^rvcd in Ito 1 that for medium black soil llu^ liiglier rlie water 
contents up to 30 percent, the higher was the recuperation. The water holding 
capacity of the medium black soil as mentioned further on (page ()3()) is 01 *^3 per 
cent. Thirty per cent, water is. therefore, nearly one-third the wat(‘r holding 
capacity. In order to obtain comparative results it was necessary to have water 
with a fixed proportion to the water-holding capacity of tlie soils. All the soils had. 
therefore, water equal to one-third the water-holding capacity. 


(leiicral plav of 

About grams of air-dry soil from t he stuck iiiab rial W(‘.re takiui in a. 
brass tray 20*5 cm. in diameter ami 5*5 em. in heiglil . Nit lugcn-frec distilled watei 
Was added to the soil in the form of a thin simiy to make up (Uie-tliird of the water- 
holding capacity. The soil was slightly stiirred and cvotiIv mixed uj) with wat('t . 
This formed the t ontrol pot , Similar trays with the sam(‘ quantity of tJie soil were 
taken up for different ireatmejits. When .soluble materials were to be arlded tlu'v 
were dissolved in water and the soliitioi^ was added to the soil in tlio form of a sf)ray 
and finally ext.ra water was added to make up om-third the water-holding capacity 
In the case of insoluble substances the material was fir.st tJioioughly mixed with tin 
soil and then water was added. 

Before incubating the soil trays were weighed and every day water was added 
by spray to keep up the original moisture •.•ontcut. All tlie trays were careful!' 
incubated at 30°0. 
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In the study of the reciijieration of nitrogren the following determinations were 
made on the lirst day and on every 14t]i day for six weeks. 

(1) Organic and ammonical nitrogefi. 

(2) Nitrite nitrogen. 

(3) Nitrate nitrogen. 

(4) Moistiue (at in a steam oven). 

Methods of analysis used were the same as given in Appendix in Part I. 

TI. Soils used. 

The soils used in tie? ex])erinients n^present im[)ortant types. They differ from 
(‘ach other suflicicntly to be classed separattdy. A short description and analytical 
figures of each are given below. They help in properly interpreting the results of 
tlie (‘xj)eriments. 

l)fisc,rl/ptio)t of Soils. 

Medium hhte.k soil : —It is derived from the Deccan trap. The sample experi- 
mented upon was tollected near Poona. It had been under bajri or jonar for years 
without any leguminous crop and at least for fifteen years previous to the experi- 
ments it had Jiot received any manure. It had never l)een irrigated. 

Decoao Hirer Sih .* - This is also deriv(‘d from the washing down of the decom- 
posed Deccan trap. The place (near Poona) where the soil was collected is flooded 
once or twice evc.iy year during tlui rainy season. The land was never under ciilti- 
cation. It is used in gardens to replace old soil and to fdl earthen pots. 

^ lorn, do soil : -This is a typical sandy soil well known in Gujarat. It was 
collected at Nadiad. Tiie plot, was manured (‘very year with about 1 ,000 lbs. of 
farmyard manure. Tobactco is the only ero]) grown ou this plot so far. 

Ln.ferih’ Htil : This is derived from latcrite rock. The soil used for experi- 
ments was coll(‘(;t('d from a licld under gardtin crop n(‘ar Belgaum. It was heavily 
manured. 


Table T. 

( Uieni i Gol ( 'O thposi ( ion . 


— 

[ Medium 
black soil 

River 
silt soil 

(loradu soil 

La tori te 
soil 


Per cent. 

Per cent . 

Per cent. 

Per cent . 

^Toisiiire (given off at 98%\) 

i 

(ibO I 

0'3() 

1*80 

2-68 

i.«oss on ignition (oxcliiding nioisttire givciii 
off at 98°0.) 

11' 10 

9*12 

2-72 

12*07 

Organic matter 


1-88 

1-48 

3-79 
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Table I—wnld, 
Chemical Composition — contd . 


— 

Medium 
black soil 

River 
silt soil 

Goradu soil 

Laterite 

soil 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Sand (acid insoluMc) .... 

68*40 

02*61 

07*40 

66*82 

Iron oxide (Fe|0,) ..... 

11-90 

10-72 

4*00 

16*20 

Alumina (Al,0*) 

C-60 

10-76 

1-46 

14-34 

Total lime (OaO) 

4*73 

1-06 

1-86 

0-41 

Magnesia (MgO) 

1-60 

0*40 

0-30 

0-90 

Potash (K,0) 

0-40 i 

0*17 

0-39 

0-31 

Phosphoric acid (PaOj) .... 

0-07 

0 089 

1 

0-21 

0-16 

Total nitrogen 

0-048 

0*086 

0.076 

0-169 

Carbonate Lime (CaO) .... 

4-46 

0*73 

1-32 

0-26 

Equal to calcium carbonate 

7*90 

1*30 

2*36 

0-44 


TAIiLE II. 

W ater-solnhle constituents. 


— 

Medium 

black 

soil 

River 

silt 

soil 

Goradu 

soil 

Laterite 

soil 

Total soluble salts .... 

Per cent. 
0-05 

Percent. i 
0*08 

Percent. 

0*09 

Per cent. 
0*06 

Containing : — 

Total carbonate , 

0-014 

0*011 

0*011 

0-003 

Sodium carbonate 

Nil 

Nil 

Nil 

Nil 

Total chlorine .* 

0-0036 

0*007 

0*0036 

0-0035 


soluble salts is iniall and there is no sodium carbonate 

in any ol these soils 


VI 
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The mechanical constituents as determined by the International Method are 
as given below : — 

Table IIL 


Nomenclature of 
soil 

separates 

Mean diameter of 
the soil particles 
in millimeter 

Medium 

black 

soil 

River 

silt 

soil 

Goradu 

soil 

Laterite 

soil 



Per cent. 

Per cent. 

Per cent. 

Per cent. 

Sand 


6*22 

4*71 

4*48 

4*62 

Fine sand .... 

0-2-0-02 

9*04 

35*97 

67*26 

11*68 

Silt 

0-02— 0-006 

14fi0 

17*60 


11*69 

Fine silt .... 

0H)0a— 0-002 


11*00 

4-60 

18*60 

(’lay 

Below 0-002 


16*00 


42*00 


Comparative capillary power of the soils used varied as under. Beadings were 
taken at many stages but only a few are given m the table. 

Table IV. 


Period 

Medium 

black 

soil 

River 

silt 

soil 

Goradu 

soil 

Laterite 

soil 

After 








oms. 

cm». 

oms. 

1 oms. 

1 hour 

• 

• 

• 

• 

• 


• 

6*7 

16*2 

19*7 

12-2 

2 hours 

• 




• 



8*6 ! 

20*3 

26*6 

16*8 

6 hours 

• 

• 



• 



13*0 

33*2 

43*3 

27*7 

1 day] . 

* 




• 



22*8 

62*0 

mry 

44*0 

4 days 

• 

• 



• 



36*6 

72*8 

08*7 

66*2 

8 days 


• 



* 



44*7 i 

86*5 

112 5 

77*6 
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The sticky point [Keen and Coutts, 1928 J and water-holding capacity of 
the soils gave the following figures : - 


Table V. 


Typo of 8oil 

Moisture 
at ‘sticky* 
point 

Water- 

holding 

capacity 

I. Medium black soil 

Per cent. 

57*73 

Per cent. 

91*83 

2. Kiver silt soil 

43*59 

1 69*99 

3. Goradu soil 

20*20 

41 59 

4. Laterite soil 

1 42*88 

i 

OS* 19 


pH value of the soils as determined by Potimtiomoter were found to be as 

follows 


Table VI. 



Medium 

black 

soil 

KivfT 

silt 

soil 

Goradu 

soil 

Laterite 

soil 

1 

pH value 

8*35 

S*I8 

' 8*22 

5*99 


III. Kffect of addition ok lime. 

It is well-knowui that lime is one of the (isseiitial ])lani food constituents ami 
it is observed that addition of lime to mmv. soils lias a. lieiierieial elVect on plant 
growth. Russell [ 1930 ] has shown that the gain in nitrogen is much influence. I 
by the amount of calcium carbonate present in the soil. Rrown 1 19 1 1 1 observed thaf 
calcium carbonate increased tlie nitrifying and nitrogen fixing jHAver of soils. 
Others [Waksman and Karunkar, 1924 J have observ ed that tlu‘ addition of calcium 
carbonate to the soils increased the, nitrogen -fixing jiower of soils. 

In Part I, it was observed that the addition of lime to the soil (already 
containing enough of lime) does not show any advantage over the original soil in 
increasing nitrogen fixation but it facilitates nitrification. In order to ascertain 
the effect of iwiditional lime on soils with ditlerent percentages of original lime 
experiments wen^ done on Goradu soil from Nadiad, River silt from Poona and 
Laterite soil from Relgaum by adding 3 and 5 per cent, of calcium carbonate'. 
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Water was made up to one-tJiird of the water-holding capacity and tla^ treated 
trays along with controls for each soil were iiicubat-ed at 35°(\ 

Tarle VTI. 


Milligrams of total nitrogen per Jttft grams of soil on orr.n-drg basis. 


Soil 

(^aloiiim 

carbonate 

added 

Ist <lay 

1 nil day 

28th day 

42iid day 

Goradu (control) . 

Per cent. 
ML 

Per cent. 
7702 

Per cent. 
82*88 

Pea* cent. 
81*91 

Per c.ciit. 
80*73 

„ with lime added 

300 

75-bS 

78* 1 1 

82*37 

SI()9 

»> t# • 

5-00 

74*04 

7<)*IS 

78*.57 

S0-7G 

River silt (control) 

Ml 

86*17 

.> 

91*01 

89*15 

„ with lime added . 

.3-00 

83*58 

91*37 

9l*(i9 

84*0.“) 

»» »» 

.5-00 

81*SC 

93*58 

91*04 

90*31 

Laterito (contn)l) . 

Nil 

163*34 

hid *96 

ifw>*2r) 

166-S9 

„ lime added 

3()0 

158*47 

157*12 

ni9l2 

j 106*88 

»* »» • 

. 

500 

J.>:)*22 

155*20 

ibb-.-'iO 

! 17ir.3 

i 


Taking all the sijils experimented upon and taking the highest figures reached 
by each soil, in six vve(d<8 it is distinctly seen that the higher the i)orcentage of lime 
in the soil tlie higher is its power of recuperating nitrogen as sliown in the following 
table. 

The calculation is done as under Goradu soil gave 77‘!>2 milligrams of nitro- 
gen on the first day and the highest point reached during the experimental period 
was H2’(S8 milligrams. This means milligrams of iiicrcaso or G*3l) per cent, 
over the original. All the figures in Table VIII are obtained in the same fashion. 


Table VIII. 


Soil 

Lime as CaCO, 

jdf value 

Nitrogen fixed 
per ICO grams 
of Soil over 
the original 
nitrogen 

Medium black soil 




. 

Fcr cent. 
7*96 

Pei' ceui . 

8*3.7 

Per cent. 
2117-^ 

Goradu soil 

. 

. 

. 

. 

2*36 

8*22 

6*36 

River silt soil 

. 

. 



1*30 

8*18 

5*6 

Laterito soil 

• 

• 

• 

• 

0*14 

5*99 

2*17 


=*ThiH figure is oht.iiuoU from Table XllI for medium bbu.k soil control on page (j4J. 
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The experiments with additional lime to these soils, clearly bring out the fact, 
as shown in the table below, that the smaller the proportion of original lime in the 
soil the greater is the beneficial effect of additional lime in increasing the nitrogen 
recuperation power of the soil. 

The figures for Table IX are obtained as under Taking Goradu soil to illus- 
trate, we have in Table VlII an increase of nitrogen of 6*36 per cent, in the soil 
when no outside lime is added. When 3 per cent, lime is added we get an increase 
from 75*58 to 82*37 (Table VII), i.c., an increase of 8*98 per cent. Therefore, the 
effect of additional lime is the difference between 8*98 and 6*36. This is equal to 
2*62 which is the figure given under 3 per cent, lime added in Table IX. All the 
figures in Table IX are similarly calculated. This long calculation is necessary to 
show the exact effect of lime. 


Table IX. 


SoU 

Original lime 

Milligrams of nitrogen fixed over 
that in the control 

present as cal- 
cium carbonate 

3 per cent, 
lime 
added 

5 per cent, 
lime 
added 

[SahaBrabiiddhe and Daji, 1925] 


Per cent. 

Per cent. 

Per cent. 

Medium black soil .... 

• 

7*96 

mi 

Nil 

Goradu soil . . . » . 


2*36 

2*62 

2-71 

River silt soil .... 

• 

1-30 

4*09 

8*70 

Laterito soil . . . • • 

• 

0*44 

4-65 

8*40 

1 


As shown in Part I, the Medium black soil which already contains a high 
proportion of lime is not benefited at all by addifional lime while all the other 
soils ar(5 benefited. In Goradu soil with 2*36 per cent, of original lime, addition of 
3 per cent, shows some increase in the power of recuperation but 5 per cent, addition 
does not show any distinct advantage over 3 per cent, because the addition of 3 
j)er cent, is enough to make up the required proportion of lime and the extra 2 per 
cent, has, therefore, no effect. 
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It was pointed out in Part I [Sahasrabuddho and Daji, 1926], that the addition 
of lime increased the nitrifying power of the soil. The same tendency was shown 
by the Goradu, River silt and Latorite soils, when treated with lime. 


IV. Rfpect op Phosphatic Substances. 

Phosphoric acid is one of the inij ortant plant food constituents. In a suit- 
able form it is found to bo beneficial to crops and to small organisms. The 
addition of phosphorus to a soil has been found to increase the amount of nitiogen 
fi:sed. Bear [1917] gives the following amount of nitrogen fixed with and witl.out 
phosphorus. 


Table X. 


— 

Without 
phoephorns 
Nitrogen fixed 

With phosphorus 
Nitrogen 
fixed 







Milligrams 

Milligrams 

Soil without lime 

• 

• 

• 

• 

• 

0-3 

2*0 

Soil with lime 0*06 per cent. . 

• 

• 

• 

• 

• 

0-6 

4*6 


Russell [1930] mentions that on clay pastures dressings of basic slag have been 
found to increase the nitrogen content of the soil. Four soils, namely, the Medium 
black, River silt, Goradu and Laterite were experimented upon to find the efi'ect 
of phosphatic substances on the nitiogen recuperation power of soils. The phos- 
phatic substances used were (1) di-potassium mono-hydrogen phosphate which is 
easily soluble in water and neutral in reaction, (2) superphosphate which contains 
soluble phosphate and is acid in reaction, and (3) tricalcic phosphate (pure chemical) 
which is very slightly soluble and slightly alkaline in reaction. Each of the 
substances was added in two portions to each of the four soils. The quantities 
were equal to O'Ol per cent, and 0’016 per cent, of phosphoric acid (P.^05) per 100 
grams of soil on oven-dry basis. All the soils had water equal to one-third the 
water-holding capacity and all the samples were maintained at 36°C. 

The first trial of phosphoric acid with rcgaid to the nitrogen recuperation 
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pow(ir of tlio soil wiiB iiuido with 0*0076 por cent, and 0*01 per cent, of p2®5 
form nf sii|M i|)hos|.]iato on four soils and the results obtained are given below 

Table XI. 

M ill Hf nuns i>f irlfrofff'H pvT LdO fjmms of soil on overt ‘dr?i basis. 


S)il 1st (hiy 14th day 28th day 42ud day 

Total iiitri»i;cn 


Medium IjI.icIc soil (eouirni) 

„ with 0*0075 per cent.. P^Or, 

„ „ 0*0 J p<U’ 0(Mlt. I'.jO,. . 

KiviU* .silt (control) 

„ with 0*0075 p(‘r(j<Mil. 

„ „ 0*01 jHii* cenf . P.^Oj 

Latcritc soil (conlrol) 

,, with 0*0075 jior cent. I*j (>5 
.. 0*01 per cent. . 

( huadu soil (C( till ml) 

A.’ilh 0*0075 pci' cent. P.^O., 

,, 0 01 pci c.ait. PoO-. 


^ 77*02^ 


r GO-29 

I 54*22 

55*08 

f 

94*02 
^ OG-IO 

f lG4*0r> 

I lGG-80 

I 

L, l(i9*90 

^ 82-88 

I 85*94 

L 80*88 


It is elnir from the al)ov<‘ table tliut if ]>liosp]ioric acid, in the form of snpei - 
jiliospliate. is atidetl in soils, their nitrogen reeiijxoation power is increased. Jn tin* 
(|U;intitit*s usi'd, the huger (juantity of phosjdioric acid has a better oifect than the 
small(‘r quantity. Aetual ])ercentag(‘ increase over the control in eacli soil is as 
given below ; — 

Table XII. 

Pcreenlafje hicreuse over the conlrol. 


Original Pjj 'h, • 

8()il with addl'd 0*01)75 per cent, 
tSoil with ndded 0*01 ]M'r c<‘iit. P^O. 


Modium 
black soil 

River silt 
soil 

Latorite 

soil 

Ooradu 

soil 

0*07 

0-089 

0-lC 

0-21 

3-41 

16*75 

Nil 

3*93 

9-97 

20-03 

2*36 

5*13 
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The Laterite soil which is acidic is not expected to show any improvement with 
the addition of acid substances. The Eiver silt has been mucli benefited. With 
other two soils the smaller the original PoOg the better is the elTect of additional 
P0O5. 

All the four soils mentioned above were experimented 14011 with 1*205 in 
other forms. 

Each soil was treated with 0‘0J per cent, and 0*015 ])er < enl. ol r2()5 in llie form 
of potassium ])hospliat(* and tricalcic jhosphate. The results ore given lohjw 

Table XIII. 

of fofal aiiroijen in 100 grants of soil on osaf-ilry basis. 


l.st flay 


L’Stli (l:iy I 4*Jinl (|;iy 


Medium black control . 


Per cent. 

1 Ml ^ 


with potassium phosphate* 


with tricalcic phosphate 


Kiver silt control 


Ml h 


with potassium phosphate 


with tricalcic [»hosphal(! . > 


Lah rito silt control 


Ml h 


,, with potassium phosphate 


with tricalcic phosphate 


Goradu cojitrol 


UOlo J 

Ml "1 


with p(itassium phosphate 


•with tricalcic phosphate 
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These again point to the fact that addition of phosphoric acid increases nitrogen 
recuperation power of the soil and the higher the quantity added the higher is the 
increase. The percentage of increase over the control is shown by taking the high- 
est figure reached in six weeks for 0 016 per cent, of phosphoric acid added to each 

soil. ' 

Tabus XIV. 


Peromtage inerease over the inorease in the oontrol. 


Soil 

Potassium phosphato 
0*015 per cent. 

PgOg added 

Tri-caloic phosphate 
0*016 per cent. 

P.Og added 

Medium black oontaining 0*07 per oent* ori- 
ginal PgOg 

9*61 

12*61 

Bivw silt oantaining 0*089 per cent, original 
P.O. 

16*40 

20-44 

Laterite containing 0*16 par cent, original 
P.O, 

3*34 

6-12 

Ooradu oontaining 0*21 per cent, original 
P.O. 

4-31 

1*66 


The River silt responds very well to the addition of P2O6. The Medium black 
soil which contains a small proportion of PgO* responds to the addition of RjOs 
but the other two soils which contain enough of P2O5, do not much respond. The 
tri-calcic phosphate on the whole shows a better effect than potassium phosphate. 

Comparing P205 in the form of superphosphate with that of tri-calcic phos- 
phate the comparative results are as given below : — 

Table: XV. 


Peroentage inerease in nitrogen recuperation over the increase in the control. 


Soil 

Superphosphate 0*01 
per cent. P^O^ added 

Tri-calcic phosjkato 0*01 
per cent. PjOj added 

Medium black soil containing 0*07 per cent, 
original PgOg 

9*98 

8*48 

River silt oontaining 0*089 per cent, original 
P.O 5 

20*03 

17*78 

Laterite containing 0*16 per cent, original 
PiO. 

2*36 

0*32 

Goradu soil containing 0*21 per cent, original 

•PfOg 

6-13 

Nil , 
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Supeipliosphste seems to have the best efEect but tri-talcio phosphate which is 
insoluble is next to superphosphate. Potassium phosphate, although soluble, shows 
very little effect especially in such low proportions as O'OlO per cent. With 0‘015 
per cent, it comes up sufficiently high but not quite as much as tri-crdcic phosphate. 
The effect of superphosphate and tri-calcic phosphate may be partly due to the lime 
present in these, but the effect cannot be chiefly attributed to lime. The Medium 
black soil contains a good amount of original lime but a small quantity of ; 
and it is more benefited than other soils which are poorer in lime and richer in 

P iOy 


V. EfFBOT of ADDITION OF OROANIO HATTBB. 

% 

Organic matter is a very important constituent of the soil, especially in India 
where the exposure of the soils to the hot sun for a long period, is likely to remove 
a good amount of organic matter. 

Nitrogen contents of the soils cannot increase by themselves. Russell [1927] 
says that increases are possible only when carbon is increased. He also mentions 
that PleifEer and Blank did not get any beneficial effect by adding sugar. Hutchin- 
son [1918] by the addition of sugar, straw, plant, roots, etc., and Joshi [1919] by the 
addition of glucose, cane sugar or filter paper have observed that the nitrogen con- 
tents of sand or soil may be appreciably increased. Joshi also shows that the nitro- 
gen fixed in this way does not nitrify within four weeks. Allison [1927] observed 
that addition of straw, fresh stable manure had an adverse effect on nitrification in 
the sail for sometime. 

In the experiments given below cane sugar was added to the soils as organic 
matter. As a practical measure addition of cane sugar to the soil is out of the 
question but for experimental work cane sugar was selected in order to avoid all the 
factors except soluble carbohydrate material The object was to see what effect was 
produced on different soils if the same quantities of soluble carbohydrates were added 
to them. And the simple answer to the question could be obtained by adding a 
simple substance like cane sugar. 

Gbradu, River silt and Laterite were the three soils selected for experiments. 
They contain different proportions of organic matter. Cane sugar was added in 
solution in two proportions — two per cent, and four per cent. Water was added to 
make up to one-third the water-holding capacity of each soil and all the samples 
were incubated at 35®C. 
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[I, VJ 


m 


Millif/ranis of tofa! jx'r iOO (jrams of soil on ipvrn-dry basis. 


i 

1 

! 

Soil 1 

Originul 

or;*aiiic 

Added 

sugar 

l.st day 

14 til day 

28tli day 

42nd day 



Per ccnl . 





(jorailu .... 

1*4S 

Ml 

77*92 

82*88 

81*91 

80*73 

Do 

1-48 

o 

7;V1S 

99*82 

91*84 

90*40 

1)<» 

I-4S 

4 

74*11 

99*00 

94*99 

95*95 

Uiver yilt ..... 

1 J-SS 

Ml 

S()*I7 


91*01 

89*15 



l-.ss 


Sl*4d 

94*80 

104-95 

99*50 

J)o 

1*88 

4 

82*79 

94*84 

104*79 

95*77 

I^atorito .... 

a-Tii 

Ml 

1 ():V34 

194*99 

190*29 

109*89 

Do 

a- 79 

2 

MO* 12 

]:-,9*os 

192*89 

197*22 

Do 

j :e79 

4 

lolVSf) 

109*10 

193*19 

190*78 


AcJdition of 2 per cent, sugar shows a ])one[icial ell'(*ot in increasing nitrogen 
fixation power and a further addition of 2 per cent, sliows a further small advantage 
with th(^ three soils. undiT ex])(‘riinent. If tlie liighest figun^s reached in six weeks 
are, taken the |M‘r cent. incn*ases ov<‘r the increase in the controls are as follows : — 


Tauij*; XVII. 


inor(’a.s< y owr the ino/nhst'. in the coutwL 



— 



({oradii soil 

Uivor silt 

J.*ateritc 

AVilh 2 )M‘r ceul. sugar . 

. 

. 

. 

22*42 

14-98 

2 93 

With 4 sugar . 




23.17 

15*10 

4 16 

Original ‘irgaiiie matter . 




1-48 

1*8^ 

3*79 


The smaller the proportion of original organic matter the greater is the eifed 
of added organic matter. 
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The effect of added sugar on the nitrification in the soils is deleterious at least 
for six weeks as will be seen from the following table : — 

Table XVIII. 


Milligrams of nitric nitrogen per 100 grams of soil 07i oveji-dry basis. 


SoU 

Added sugar 

Ist day 

14th day 

28th day 

42ud day 

Goradu . 

, 

, 

, 

Per cent. 

Nil 

1*65 

2-73 

3*33 

3-22 

Do. . 



• 

2 

0*60 

0-38 


0-24 

Do. . 




4 

0*64 

0-42 

0*37 

0-20 

Uivor Silt 




Nil 

0*94 

— 

4- 13 

5*20 

Do. . 




2 

0*94 

0-37 

034 

0*20 

Do. . 




4 

0-94 

0*33 

0*43 

0*23 

Laioriio 




Nil 

1*02 

4-10 

5*80 

6*25 

Do. . 




2 

P02 

0-17 

0-13 

0-17 

Do. . 




4 

102 

012 

0 16 

017 


VI. — Effect of Ai.kai.i Salts. 


There are several tracts in the Bombay Presidency where alkali salts are found 
in the soils. In some places tJie quantities of the alkali salts are so much that the 
Koils produce but a very poor crop or sometimes none at all. 

Greaves [1922] and his associates and also Singh [1918] have found that the 
alkali salts like the carbonate, the sulphate and the chloride of sodium in limited 
quantities, stimulate nitrogen fixation but beyond certain concentrations they 
become toxic. Much work has been done on this particular question but the 
results obtained are not in all cases exactly the same. 

The most important of the alkali salts are the carbonate, the sulphate and 
the chloride of sodium. In the experimental work done these salts were separately 
tried in two proportions on the following soils. The soils contain very small quam 

c 
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titles of soluble salts and none of them showed any traces of sodium carbonate 


which is strongly alkaline. 


Table XIX. 


— 

Total soluble salts. 
Percentage on oven-dry 
basis 


0-086 

liivor silt Boil 

0-086 

Ooradu Boil 

0-092 


0*061 


Tlie Medium black soil was treated with sodium carbonate. The Goradu and 
the Laterite soils were treated with all the three alkali salts in the proportions 


given below 

Table XX. 


Total soluble salts. 

— 

Paroentage on oven-dry 


basis 

Sodium carbonate 

0-01 

Do. do. ......... 

0-02 

Sodium sulphate ....... . , 

0-02 

Do, do, 

0-04 

Sodium ohloride . , , , . 

0*03 

' Do. do. 

0-06 
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After making up the necessary porportion of water the trays were incubated. 
The results were as follows : — 

Table XXL 


Milligrams of total niirogtn in 100 grams of soil on ovm-dry basis. 


Soil 

Quantity of 
salt 

Ist Day 

14 th day 

28th day 

42nd day 


Per cent. 

1 





Medium black. 

Nil 


f 

I 

00-20 

01*57 

02*15 

Medium black with sodium 

0-01 


^ 5104 -I 

6C-f>3 

57*76 

55*44 

carbonate. 

( 0*02 


1 

56-. ‘18 

57*60 

53*96 

Coradu .... 

Nil 

'] 

r 

82*88 

81-91 

80*73 

Goradu with sodium car- 

C 001 



77*76 

79*86 

81*22 

bonatc. 

i 0-02 



70*66 

80*04 

79*93 

Gomdu with sodium sul- 

C 0-02 


^ 77-92 ^ 

78*64 

79*76 

81*30 

phate. 

\ 0*01 



79*66 

79*66 

81*08 

Goradu with sodium chlo- 

^ o*o:i 



78*92 

78*39 

81*05 

ride. 

i 0-00 

j 


78*64 

78*81 

80*41 

Latcrito 

Nil 

1 

' 

161*90 

I66*2r» 

100*89 

Laterite with sodium car- 

r 001 



166*42 

104*21 

165*57 

bonate. 

( 0-02 



166*96 

163*48 

166*64 • 

Laterite with sodium sul- 

r 0-02 


ic:i-34 - 

165*11 

101*93 

ie6*74 

phate. 

( 0-01 



164*22 

101*15 

163*69 

Luterito with sodium ohlo- 

oos 



163*75 

164*04 

168*33 

rido. 

1 0*06 



169*26 

158*32 

162*18 


The effect of the alkali salts will be easily understood if the percentage varia- 
tion phis or minus from the per cent, increase in the control is calculated as in the 

c2 
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following table. Only the highest figures obtained in six weeks are taken for 
calculation. 

Table XXII. 


Peroenlage variation from 'percentage irmrease of nitrogen in the control. 


Soil 

Sodium carbonate 

Sodium sulphate 

Sodium chloride 

0*01 

i*er cent. 

002 

I*or cent. 

0-()2 

Per cent. 

004 

Per cent. 

003 

Per cent. 

0*06 

Per cent. 

Medium blaok . 

—9*16 

—10*0 

— 

— 

— 

— 

Goradu .... 

—2*13 

—3*64 

— 1*95 

—2-31 

—2*35 

—3* 17 

Laterite .... 

—0*82 

—1-80 

—0-1 

— 1-Cl 

— 0*8s 

—2*88 


From these figures it is clear that only sodium chloride in the proportion 
of 0*03 per cent, had no deleterious effect on Lateritc soil but with this exception all 
the salts in both the proportions showed a deleterious (‘ffect on the soils in their 
nitrogen recuperation power. It is also clear that the higher the proportion of the 
salt, the greater is the effect. Out of Uie three salts, sodium carbonate had tlu? 
worst and sodium chloride the least effect. 

The greiitest effect is produced on the Medium black soil which contains tho, 
highest percentage of lime while the Laterite which has the smallest proportion of 
lime and which is distinctly acidic as indicated by its pH value has the least dele- 
terious effect. 


Table XXIII. 


Percentage variation from per cent, increase of nitrogen in the control. 


Soil 


Medium blaok .... 
Goradu soil .... 
Laterite soil .... 

No effect of these salts 
fying power of the soil. 


Lime as CaCO., 
prosoiit original- 
ly in the soil 

pH value. 

Per cent, variation fn >rn 
jior coat, inoronse of 
nitrogen in the control 
with 0*02 per cent, 
sodium carbonate 

7-96 

8-35 

—10*0 

2*36 

8-22 

— 3*e4 

0*44 

5*99 

—1*80 


favourable or unfavourable was produced on the iiitri- 
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The experiments with the River silt soil require separate mention because the 
results are not in all respects in the same direction as those of other soils. When 
the River silt soil was treated with the alkali salts the following results weie 
obtained : — 

Table XXIV. 


Milligrams of total nitrogen jier 10 f grams of soil on oven-dry basis. 


Soil 


Quantity 
of salt 
per cent. 

Iht day 

14th day 

28th day 

42nd day 

River silt ..... 


Nil 


1 



91*01 

89*15 

-1 


001 


1 80*17 

1 

95*13 

94-61 

97*28 

„ with sodium carbonate . . j 




1 

1 






0*02 


1 


L 94*07 

92*93 

98*22 

C 

002 


) 

( 

87*79 

80*03 

92*06 

„ with sodium sidphato . . } 



^ 80*17 


1 



1 

004 


) 

i 

[ 90*79 

88*44 

86*82 

i 


003 


) 

c 95*02 

97*85 

95*40 

,, with sodium chloride . . ] 

1 



> 80*17 

] 



1 


0*00 


) 

( 94*78 

94*98 

99*16 


In the case of the River silt except with 0*04 per cent, sodium sulphate where 
practically no effect is produced, 1 he addition of alkali salts instead of producing 
a deleterious eflEect has stimulated the soil to fix nitrogen as shown below : — 


Table XXV. 


Per cent, increase of nitrogen over the increase in the control. 



Sodium carbonate 

•Sodium sulphate 

Sodium chloride 

Soil 

0*01 per 
cent. 

0*02 per 
cent. 

0 02 jjcr 
cent. 

0*04 per 
cent. 

0*03 per 
cent. 

0*00 per 
cent. 

River silt .... 

0*98 

7-!»2 

1*15 

~0-24 

7*5 

8*96 


Hodium carbonate and sodium chloride have distijictly stimulated the River silt to 
lix nitrogen and the higher quantity has given greater stimulation. It means that 
the quantities of alkali salts added were not sufiicjent to produce a bad efYcct on 
the River silt. In these ex2)eriments the alkali salts did not show any effect on 
the nitrifying power of the soil. 
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Summary of Conclusion. 

] . As regards the soils experimented upon, the higher the percentage of lime 
in the soil, the higher is the nitrogen recuperation power of the soil. The smaller 
the ijropoiiion of original lime in the soil the greater is the beneficial effect of addi- 
tional lime iipto a certain limit in increasing the nitrogen recuperation power of tlie 
soil. 

2. Additional lime always increases nitrification. 

3. Wlien superphosphate is added to soil its nitrogen recuperation power is 
increased excc‘])t in the case of Laterite soil which has an acidic reaction. In the 
quantities used the larger the quantity of superphosphate added the better is the 
effect. 

4. Similar results are obtained by the addition of tri-calcic phosphate or 
potassium phosphate. 

6. The smaller the quantity of original phosphoric acid in the soil the better is 
the effect of additional jJiosphoric acid. 

6. Out of the three forms used in supplying phosphoric acid, superphosphate 
proved to be the best (except on acid soil), tri-calcic phosphate stands next but not 
much b(.‘low the superphosphate, l^otassium ihosphate stands third. 

7. Addition of 2 per cent, of soluble organic matter like sugar has a good effect 
on nitrogen rccuj)cration of soil. Kurther addition in tlu^ case of the soils experi- 
mented upon does not show much advantage. The effect produced is higher with 
soils containing smaller quantities of original organic matter than with those con- 
taining larger quantit ics of original organic matter. 

<S. Addition of sugar has a deleterious etTeci on tlu) nitrifying powc^r of the soil 
at least for sometime. 

9. The alkali salts— sodium carbonate, sodium sulphate and sodium chloride— 
when added to Medium black soil of the Deccan, Goradu and Laterite soils show a 
deleterious effect on the nitrogen recuperation power of these soils. Sodium 
carbonate is the mo.^t and sodium chloride the least harmful of the three. 

10. The alkali salts have the worst effect on the Medium black soil while their 
effect is the least on the Laterite which is an acidic soil. 

11. The alkali salts with the quantities used in the experiments show a stimu- 
lating effect (ui tlie nitrogen recuperation power of the lliver silt soil. 

12. The River silt which is a freshly deposited soil is easily stimulated by tlie 
addition of lime, phosphoric acid or organic matter and is also stimulated by the 
addition of small quantities of alkali salts in increasing its nitrogen recuperation 
power. 
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PRELIMINARY WORK ON THE MANURING OF SUGARCANE 

IN NORTH BIHAR. 


BY 
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De/pxUy Director of Agriculture, North Bihar Range, Bihar and Orissa, 

(Received for publication on the 20th June 1931.) 


Introduction. 

Sugarcane is the most widely grown cash crop of North Bihar, and is yearly 
becoming of greater importance in the economy of the ryot ; and for some years 
work on (a) the testing of new varieties for distribution, (6) better methods of culti- 
vation and (c) manuring, has taken a leading place on the Departmental farms in 
the range. From (a) the Coimbatore varieties Co. 210 and Co. 213 have spread 
themselves over the range. From (h) the growing of the crop in lines, intercultiva- 
tion through the hot weather and earthing during the monsoon with cheap bullock- 
drawn implements, have spread through the European factories and are gradually 
being adopted by the ryots. In (c) progress, though much slower, has now reached 
a definite stage. 

It must be remembered that over the greater part of the tract, sugarcane is 
grown entirely without irrigation. The cane is planted shallow in February and 
early March, the land is beamed flat, and hoeings or intercultivations given at in- 
tervals through the hot vreather to keep down weeds and corserve moisture till the 
monsoon. In certain areas where the soils are heavy and seem to dry out early, 
feeble irrigations are given in the hot weather, severely limited by the supply of 
water available and solely to keep the cane alive. Similarly supplies of farmyard 
manure are always inadequate and the cane gets generally a very small dressing. 
Where the land is a medium loam in really good condition yields of 600 to cSOO 
maunds per acre are common but on most ryots' lands, owing to poor cultivation 
and inadequate manuring, the yields rarely exceed 300 maunds per acre. 
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Earlier manorial trials. 

Manurial trials on sugarcane were started tentatively in the North Bihar Range 
Bit the Sepaya Farm in 1925-26. It had been the custom for years to prepare the 
land for cane by green manuring with and by adding heavy dressings of 

cattle manure ; also at first, small dressings of artificials were added to these 
preparatory applications for expel imental purposes. The first trial in 1925-26 was 
test the effect of extra nitrogen, and 86 lbs. 100 lbs. and 120 lbs. nitrogen per 
icre in the form of ammonium sulphate, was added to the basal dressing. The 
results (Table I) showed that the extra nitrogen hail little effect and that what in- 
crease was obtained was not ecjoiiomic. But in the, sfimc year the effect of 80 lbs. 
PoOg per acre added to the basal dressing, was tested against tliat of 8(f lbs. nitrogen 
In ammonium sulphate ; as a result it was found that th^ plots given super gave 11 
per cent, more cane than those given ammonium sulphate, and the difference was 
statistically significant (Q^able II). In a third trial in the same year where super to 
^ve 80 lbs. P2O5 was added to 80 lbs. nitrogen in ammonium sulphate, both on top 
□f the basal dressing, the addition of the ToOr, increased the yield by a statistically 
significant 10 per cent. (Tabic 111). In both cases f lie increases were only 70 odd 
maimds of cane, but that was because tlie land having been well prcj)ared and 
manured, tlie yields of control plots were higli. TIu'. important point remained tliat 
even on such good land, PoOr, still gave an a])pTeciabh‘, and (onstant increase. 

The writer took over the range in the cold weather of 192c-27 and found that 
that season Had been almost entirely wasted for this i)urposc be( aiisc in the manurial 
trials small dressings of artificials had been added as lop di(‘ssings on the richest 
and most heavily-manured cane land and of course ga\ e lit tie or no effect. But 
from other trials on rabi (^rops it was further madti clear that this soil did respond 
to applications of PoOs in a marked degree ; and in one cane trial the substitution 
of 65 lbs. P.^Or, for 40 lbs. nitrogen in a dressing of 80 lbs. nitrogen, gave a small 
but highly significant increiise, tliough all tlie yields were very high (Tuble IV). 
It seemed clear that on this land phosphatic manures were likely to be more pro- 
fitable than nitrogenous ones. 

In 1927-28, therefore, only phosphatic manures were tested, no preliminary 
manures were given to the plots and sufficient rejlications and controls were in- 
cluded to give a high degree of significance. Unfortunatcily the writer, seleeXing a 
uniform plot, picked one also very jicli. so that all the yields were very high 
and the effect of the manures was to a groat extent masked. Mveri iSO {etde Tabic 
V) super to give 50 lbs. Po^o acje gave its usual 16 per cent, increase statis- 
tically significant, Guano at 3i maunds per acre, Amniojdios to supply 38 lbs. 
nitrogen and 48 lbs. PgOg gave only insignificant results. 
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Mamrial trials on Sugarcane, Sefaya (Saran), 1925-26 and 1926-27. 


Year, 

cnip 

|Ve]»ara- 

fory 

inannrinjj; 

Manures tested 

Number 
of re- 
plioatifins 
and size 
of plots 

Mean 
yield 
per plot 
maiinds 

Statistical treat- 
ment by student’s 
short method. 

Notes 

and 

Kd. 

Plols 
com- - 
pared 

Md. 

Ed. 





TABLE I. 





1925-20, 
Co. 213, 
Sepaya 

Croon 
manuring 
and farm- 
yard 

Ammonium Bulpliate 
(1) 80 Ibfl. nitrogen 
per aero 

G 

51-5 

1*6 

1 and 2 

0*2 



manuro 

(2) 100 

*094 acre 

61*8 

•• 

1 and 3 

2*1 




(3) 120 

•• 1 

64*8 

•• 

2 and 3 

1*9 





TABLE II. 





1925-20, 
Co. 210, 
{Sc])aya 

Croon 
manuring 
and farm- 

(1) Suiter 80 Ibfl. 

Pj Ofi per aero 

G 

53*4 

1*7 

1 and 2 

3*2 

80 lbs. P, Og gave 
11 per cent, more 
crop than 80 lbs. 

yard 

manuro 

(2) Ammonium sulph.atc 
80 lbs. nitrogen per 
aero 

i *072 acre 

47*9 

•• 


•• 

nitrogen. 




TABLE III. 





1925.20, 
Co. 210 

Croon 
manuring 
and farm- 
yard 
manure 

(1) Ammonium sulphate 
Nitrogen 80 lbs. per 
acre -}- ISupor Pgtls 
80 lbs. per acre 

1 G 

*072 aero 

6G'8 

1*7 

1 and 2 

3*1 

The addition of 80 
lbs. p 2 Og to the 
100 lbs. nitrogen 
increased the crop 
by 10 per cent. 



2. Ammonium sulphate 
Nitrogen 80 lbs. per 
aero 

•• 

61*G 


•• 

•• 





TABLE IV. 





1920-27, 
Co. 210, 
Kepaya 

Cro('u 
manuring 
and farm- 
yard 
manure 

1 . Ammonium sidjihate 
Nitrogen 40 lbs. i)or 
acre -r Siii>er P, 

(i5 lbs. per acre 

0 

*027 acre 

31*5 

•3 

1 and 2 

4*3 

The substitution of 
40 lbs. nitrogen 
by 65 lbs. P,0, 
per acre incrcasctl 
the yields by f 


1 

2. Ammonium sulphate 
Nitrogen 80 lbs. per 
aore 


30*2 

•• 

•• 

•• 

per cent, though 
the yields wore 
very high. 
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Manufial Trials on Sugarcane Sepaya, Saran, 1927-28. 




Year, 

crop 

and 

I)laoo 

Manures tested in 
lbs. i>or acre 

Number 
of re- 
plications 

Mean 
yield 
per plot 
maiiuds 

Statistical treat- 
ment by studont^s 
short method 

Nolt^s 

Kind 

Nitrogen 

I’.Ob 

and size 
of plots 

m. 

Wots 

com- 

pared 

Md. 

Ed. 

1027-28, 
Co. 210, 
Sopaya 

1. 

No manure 


TABLE V. 

9 1 21-4 

•58 ^ 

1 and 3 
with 2 

21 


2. Super 

0 

40 

2 ch.x9 ft. 

22-6 

! 


•• 


Although the land 
was very ricli 


3. 

No manure 


=5 3 acres 

TlO 

19-9 1 

•• 

3 and 4 

2*4 

Super gave a 10 
per cent, increase. 
Guano gave an 
in< reaso also but 
decidedly less 

while Ammophos 
gave no signili- 
cant increase. 


4. Guano 

•• 

21-3 

•• 

2 and 4 

2-24 


5. 

No manure 


•• 

20-7 


•• 



0. Aramopbos 38 lbs. 

no 


21T> 



•• 



Accurate Trials on Representative Land in Dieekrent Parts oe NoRTir 

Biitah. 

By 1928-29 we liad realised that most ol our land was far richer than that 
used for cane in the distiicts, and we ninst therefore put our trials oji the poorest 
uniform land wo could find on the farm, that only small dressings of nitrogen 
seemed likely to be effective while thf^ important application was phosphate, but 
that the best amount to use and the best time to apply it were doubtful. Also we 
had by now standardised the method of trial, using plots, 2 chains long and 5 lows 
wide, of which only the three centre ones were to be manured, the two side rows 
of each plot being border ones. Manures applied at planting were put in the 
furrows under the sets of the three centre rows. Those applied at earthing were 
spread in the right quantities in the four centre inter-row spaces of the plot, mixed 
into the soil with a cultivator, and thrown up to the rows of cane by the earthing. 
There were at least 6 repetitions of the whole series of treatments and unmanured 
control plots were scattered at frequent and regular intervals. 

At Sepaya two decidedly elaborate trials were laid down — 

(i) on diara land inside the farm, selected as of medium fertility and thought 
to be fairly uniiorm, and not manured except in the trial : and in this series plots 
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receiving farmyard manure at 270 maunds per acre ploughed in December for 
February planting, were included. 

(ii) on high, light, poor land outside the farm, selected as being very poor 
but apparently uniform and healthy. The farmyard manure series had to be 
omitted from this series because the area of land available was insufficient. 

The table btdow shows the arrangement of the plots, the dressings applied, 
the points it was hoped to bring out, and the mean yields per plot. 

TABLE VI. 



Manures applied in 

lbs. per acre 

Nu. 

At planting 

Al earth ing 


N 

IV 

N 1 PV), 


2 

;t 

4 

T) 

6 

7 

H 

9 

10 


I^^irniyanl maniirn at 270 
maiiiKlH per acre in J)e<'dn- 
ber 


Nu manure 
20 
20 
20 

No luanur 
20 
0 
0 

No maun re 


20 

2 <» 

20 

20 

40 

(50 


"J 


.V) 


/ ' 


bo ,5 


Ooinparisons it was Jiopcd 
to mako 


iStandard dressing of Farmyard 
manure No manuroa Ffi. 40 
Iba. nitrogen TO lbs. 


lOiroofc of di flcront times of appli- 
cation of the plioaphale 

No manure I'.v. 40 lbs. N and oO 
lbs. r.s. 4o lbs. nitrogen 
and 100 lbs. 1*305 

t]llo(*t of dilTeront times of apply- 
ing nitrogen 

KiTect t)f diirerent quantities of 
nitrogen 


Mean yields per jdot in 
seers. Average of 6 
replications 


Co. 210 on 
diara 
far m 
land 


951 

800 

900 
88(1 
891 
849 

901 
890 
830 
757 


Co. 213 
on poor 
high 
land 


307 

531 

548 

557 

300 

060 

010 

040 

370 


These two trials, both during their growing period and from final results, gave 
much important infor maiion. On the richer heavier diara land all yields were high 
and (lilferences relatively small, asar patches develo2)ed during the season and yields 
were irregular and the probable error relatively high. The farmyard manure gave 
maunds j)er acre strip[><i<l caiie more than the 110 -manure jilots, and this differ- 
once was highly significant Both 10 lbs. nitrogen and fiO lbs. P 2^6 

40 lbs. nitiogeii and 100 lbs. r.^O^ gave a}>proximately the same increase, 90 maunds 
2 )er acre, ove,r the no-inanure plots (s. but the dilfercncc between the 

best ylehl from the lO fiO dressing and that from tJie farmyard manure was not 
significant. No significant dillereuces could be detected on account of diflereiit 
times of applying the or the nitrogen. 
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But on the poor, high, light land outside the farm very different results were 
observed. To begin with the effects of the manurial dressings compared with no 
manures were very obvious to the eye from zlugust onwards and the greater 
benefit due to the heavier applications of phosphates was equally visible. On the 
unmanured plots the cane was even but poorly tillered, badly grown, yellow and 
unhealthy, heavily attacked by borer. The plots that received 40 lbs. nitrogen 
and 60 lbs. were obviously better in every respect and those dressed with 

40 lbs. nitrogen and 100 lbs. were visibly better still. The final weighings 
confirmed these observations and gave further details. 40 lbs. nitrogen and 60 lbs. 
1^206 gave a significant increase over no manure of IfiO maunds per acre, 

) . 40 lbs. nitrogen and 100 Ihs. PoO^ gave an increase of 250 maunds per 

(m' ^^‘‘0 

The difference of 100 maunds between the results of those dressings was very 
significant - 4-8^. Applying part of the nitrogen at planting and the rest 

at earthing as contrasted with ap[)lying it all at (‘arthing gave an increase of 
40 maunds per acre, just significant. 

But differing times of applications of the, phosiphate made tio difference nor 
did an increase in the nitrogen applied ('rabies VII ^ YIIl). 

At the Sewan Farm in tlie mmo season a much simpler fciial was carried 
through on Co. 210 cane on land lightly manured with cow-dung in which 20 lbs. 
nitrogen and 60 lbs, P^Or, at [Wanting was hasted against no mammi and 20 lbs. 
nitrogen and 60 lbs. PoOr, at planting with a further 20 lbs. of nitrogen at (earthing. 
For plan and detailed results see Ta])le IX. 2(^ lbs. nitrogen and 50 lbs. p 2 fX 5 ‘**1^ 
planting gave a just significant increase of 62 maumls f)er acre over no inauuro and 
the addition of a further 20 lbs. nitrogen at earthing raised this increase to 132 
maunds per acre. 

Mahnrial (rials m/, Sfujanutre 192H-2i) [^aran Dis/ric/,). 


N.'iturc of 
trial and 
crop 


1928-29, 
Co. 210, 
Sewan 
1 
2 


Manures applied in 

lbs. per acre 

At planting 

At earthing 

N 

i*.o. 

N 1^0, 

20 

No manure 
.'iO 1 20 

20 

No manure 
r»o I .. 

No manure 


No. of rcFili- 
catlona and 
size o( plot:^ j,,.r 
(I rc’pllca- 
tioiia 


Statistical tn atjr.i nt 
by fit iidcnt’s short 
method 


Md. 

Kd. coDipar- - , 

ed I'-'J* 


Plots ‘i 
chains x9 
feet. 


17'0 mda. 

2Vr, „ 


4* I 40 Ihs. nitniFtcn and 60 
2-2 lbs. P, Og h.'is given 

a very significant 
Increase over no 
1*94 manure and a Juat 

. . significant one over 

20 lbs. nitrogen and 
60 lbs. P, O,. 
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Nature of 
trial and 
erop 

Manures 

ajiplied In lbs. per aere 

No. of repli- 
cations and 
size of plots 

0 replica- 
tions 

Mean yield 
per plot 

Statistical treatin' nt 
by student’s short 
method 

At planting 

N l\0. 

At earthing 

N P.0, 

Ed. 

Plots 

compar- 

ed 

Md. 

Kd“. 







TABLE Vm. 




Sepaya Co. 










210 eane 










on diara 










land 










1 

Karmyaril manure at 270 mds. per 


061 seers 

20*67 

1&2 

.5*168 ^ 


acre in December 














20*67 

2& 3 

3*021 

2 


No manure 


6 replica- 

800 „ 









flona plots 


29*57 



;j 

20 

50 

20 

0 

2 cbnins 

ooc 









long by :t 


20-.57 

2 iV 4 

2-038 

4 

2 > 

25 

20 

25 

rows 0 

HRO ,, 









feet "Ide 


3L'8:: 

5 A 6 

2-828 

5 

20 

0 

20 

50 

With t''o 

81H „ 









border 


3I-8;5 

0 tV: V 

3*112 

« 


No manure 


rows per 

840 „ 









plot not 


31-83 



7 

20 

50 

20 

50 

Included. 

001 „ 











31-83 

6 8 

2*707 

H 

0 

50 

40 

50 


80 » „ 




U 

" 

60 

00 

60 


830 „ 




to 


No manure 



757 „ 




Sepaya 






TABLE IX. 




Co. 2U1 










cane on 










noor high 





1 





land 










1 


No manure 



367 seers 

20-2 


•* 

2 

20 

50 

20 

0 


,5:51 „ 


1 it 2 

8*1 


20 

2.5 

2t) 

25 


548 „ 


1 & 3 

0* 1 

i 

20 

0 

20 

.50 


.5.57 

2V.5M 

4 it 5 

8-38t) 

5 


No manure 



2>(>0 ,, 

21’ 58 

4 it 0 

1-773 

(') 

20 

.50 

20 

5U 


COO „ 

21-58 

5 A. 0 

13-62 

7 

(1 

5 » 

1 - 

.50 


CIO ,, 

20-80 

0 it 8 

2-100 

.s 

0 


00 

.50 


010 ,, 





Notes 


ings have given very 
siRnlflcJint InennK^ 

over the “ in» 
manure’', but tie 
dilfereneo betvoMi 
tlu! different dn . ,, 
ings uro not signi- 
llCant. The r<‘laUvf 
richness of the lain) 
made the heaviei 
dressings of no niop- 
nvail tlian the light 
ones, and its irregMi- 
laiity of fertility 
militated against 
the detection of 
differences due to 
the dltfereut times 
of application of 
the phosphate 


In this trial the land 
was poorer but mrire, 
uniform and tlm 
dltferenccsdue to the 
manures were viy 
evident to the eye 
from August on 
\v..rds. Tlie ililld- 
i ncos due to all tli' 
munnrial dr'bsin'rf 
were very larg* atid 
very signilli ant, 
v\hile tlioiigli dr'iw, 
ings of lOlhs. nitio 
gen and 5(1 lbs- I’l" 
gave increase,’ ”1 
150 mds. of <aii- 
per acre the mid - 
tlon of a fill tier 
5 Ihs. per aere in- 
ereased tl is diiM- 
enco to 250 md.‘<. I he 
time ot ai'i'lieatiiin 
of phosphate, I.' ., 
whi’tlier appli' 'I 
early or late had no 
eifi’Ct, but apidyin,; 
part of the nltroi;' n 
early iiicreageil the 
yield by 4 : mds. p< i 
aero and chances 
are- just ovi'r tio; 1 
tliat this is r( al. 


From tlie leaiilts of this BeasoD s trials it seemed clear that on the kind 
land on which <:ane is gcLcially grown by cultivators in Noith Bihar a dreseir^' 
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of artificial manure containing between 40 lbs. nitrogen and 60 lbs. P2O5 and 40 lbs. 
nitrogei; and 100 lbs. P2O5 was likely to be very profitable on cane. 

The question of farmyard manure was postponed for the present as very 
inadequate dressings are available for use on cane by cultivators, and the question 
of time of application of the phosphate was further investigated at Sejiaya. But 
the other farms in the range were utilised for a range nianurial trial on sugarcane 
on the following plan, the trial being in every case on land not manured in its 
preparation for the cane crop. 


Manures applied in lbs, per acre. 


At planting 

At earthing 

Total 


N 

P,08 1 

N 

P.O. 

N 

p 

1 

• • 

•• 

No manure 

• • 

• • 

• • 

2 

20 

25 

1 20 

25 

40 

50 

3 

20 

37*5 

20 

37-5 

40 

75 

4 


.• 

No manure 

• • 

• • 

.. 

5 

20 

50 

20 1 

60 

40 

100 

6 

20 

60 

40 

60 

60 

100 


Plots were repeated in the saimi order at least 6 times and iinished with an extra 
no-manure jilot. The trials were all carried through according to the technique 
standardised in 1927-28, and as the rcfcults came in, they were treated *statislically 
by student's short method and the results have been piillishtd in the annual 
reports of the farms concerned. 

There are 80 far seven results of this trial available iind except lor the one 
already discussed i s on poor high land at Sepayu all show niiuJi the same features. 

1. In all the trials the dressing of 40 lbs. nitrogen and 50 lbs. P.jO^ per acre, 
part at planting and part at earthing, has given a statistically significant increase 
of crop ranging from fifi maunds per acre on poor heavy land at 8ewan in 1930-31 
when, on account of drouglit, the stand of cane Wfs so bad as to yield only 
240 maunds jjer acre on the iinmanurcd plots, to 263 maunds per acre at Darbhaiiga 
in the same year. 

2. In no trial except the Kepaya one of 1928-29 has either 40 lbs. nitrogen and 
75 lbs. P2O5 or 40 lbs. nitrogen and ICO lbs. P2O5 given an appreciable or signific ant 
increase over the 40 : 50 dressing. 
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3. In only one case, that of Darbhanga, 1929-30, has the dressing of 60 lbs. 
nitrogen and 100 lbs. P 2 O 5 given a significantly better yield than the dO lbs. nitrogen 
and 100 lbs. P 2 O 5 . 

Diorih Bihar Range. 


Place Cano 


Mean ylcldH In Mds. por plot (132'\ 9') from < 

truaimont 

Mamiris ai>piled 

Mo N IV'i N P,0, No N P.O. 
Mantif'' Miiiiiiro 

40 50 40 75 4l) 10' > 


No. Of 

repll- VA. 

cations 


Sew an . 21 ' 


TABLE X. 

1(5-4 l'.)-4 19-9 1«*8 18-8 ] 


5 -63 40:50 gives signifi- 

cant iiicreasio „ , ' 

A. 7 ^0. 


Darbhan- 213 


TABLE XL 

14 14 20*42 20*42 14*00 lO'OO 


•70 40 : 50 gives signliT- 

CiiTit liKTcaso ^^^* 
9*0. Ed. 

GO : 100 slg.ilflcaiitl' 
better than 40 *. 100 

^‘^•-^3*8. 

Ed. 


TABLE XII. 

. 2i:l '“1-19 1 2»-2# 2()-2-2 


21-79 « 1-03 40 : SO gives 

cant Increase ' 


Sepiya . 213 


Di). . 213 


TABLE XIII. 

8*0 12-8 I 


10*8 13*0 


•(5 10: 00 gives sign! a - 

cimt lucroaso 

Ed. 

0 3. 

(50 : 100 gives slgniH- 

cant inereaso ^.^^* — 
E«i. 

4*1. 

This trial was In 2 

Meries. 


TABLE XIV. I 

Sewan . 213 in I"-0 I 10-1 8*8 10*1) 


*5 Owing to lack of luo- 
iBture In hot wea- 
ther on this heavy 
land stands very Ir- 
regular 40 : 50 gave 
significant Incr um 

Ed. ' 


Darblian- 213 


TABLE XV. 

•j-O 15*1) 10*4 8*0 17*8 


40 : 50 gave f^iguib- 

. . ....... M'l. 


TABLE XVI. 

llyroah 213 17’ 0 ‘.^2*9 I 2PG 

(ihaHipi- 

ran 


17*3 24*0 


24’0 8 1-13 40 ; 60 gave slgnifi- 

. . MU. 

cai tincrettae 

Kd . 
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Definite results. 

In all ten trials, ranging over North Bihar through the three seasons 1928-29 to 
1930-31, the dieesirg of 40 lbs. nitrogen and 60 lbs. P^Or, has given a substantial 
and significant increase of cane crop in every case ; but in only 2 cases have any of 
the other dressings tried improved on this. From these ten trials, I have extracted 
the figures giving the yields of the no manure plots and of those dressed with 40 lbs. 
nitrogen and 50 lbs. P .,05 per acre, which were in every case alongside one another, 
and combined them in Table XVII with details of the location of the trial, the kind 
' of cane used, the kind of land and the season. The increases in crop are shown both 
in maunds per acre and as percentages of the unmanured yields, and the degree 

of significance has been shown by the ratio- ^^ ^^^^f—^, in which a ratio of 2*1 
means a 30:1 chance that the difference is due to the treatment. 


Table XVII. 

Showing the effects of a dressing of 40 Ihs, nitrogen and HO lls. per acre on 
sugarcane in North Bihar from 7fi28 to 1931, 








Yields per plot 
in mds. 


n 



Year 

Place 

Kind of soil 


Fize and 

No. of 

N«.. 

ma- 

nure 

Manured 
with 40 
lbs. K. 
50 Ibfl. 

P.0, 

per acre 

Tnerenf^o 

Per- 

cen- 

iRge 

in- 

crea bc 

Ed. 

Md. 


plots f 

* c 

ttona 

acre 

lOd. 

1. 1028-19 

Sepaya Co. 210 

Dlara rich 

loam. 

Fair 

132' X 9' 

a 

m 

22*0 

06* ' mds. 

13*2 

*57 

46 

do. 

p 

p 

Poor light 

high land. 

Do. 

Do. . 

fl 

‘•2 

13*3 

ir.o 

45 

‘45 

9*1 

3. do. 

Sevvan Co. 21 o 

Heavy fairly 
ilch. 

Cood 

Do. . 

(5 

17*0 

21*5 

132 M 


*75 

4-8 

i. 1029-30 

Do. Co. 213 

Heavy poor . 

I'a 1 f I y 
good. « 

Do. . 

5 

10* 1 

19-1 

no „ 

18 

*51 

5-9 

r.. do. 

Darblianga 213 

Medium h nm 
l>oor. 

Cood 

Do. . 

‘ 

141 

20-4 

231 

44 

*43 

n-7 

' . do. 

Punica Co. 213 

Medium loam 
very rich. 

Do. 

!)••. , 

0 

1.V.K 

21-2 

88 „ 

13 

*73 

.3*3 

7. 1030-31 

Sepaya Co. 213 

Light high 

lan<l rather 
usar. 

Very lad 
s h o t t 
mon.'^oon. 

Do. . 

fl 

8*9 

12-8 

143 „ 

44 

*59 

0-0 

do. . 

Sew an Co. 213 

Heavy -sery 
I)Oor. 

\ cry bad 
ptand of 
cane very 
poor . 

Do. . 

5 

OJ 

10-9 


20 

•44 

4*1 

do. 

Da rbhanga 
213. 

Ditto . 

Fa Ir 1 y 
good. 

Do. . 

a 

9-0 

1.0-9 

263 ,, 

77 

1-58 

4-4 

do. . 

Byrcah . 

Medium loam 
rich. 

Good 

Do. . 

8 

17-6 

22-9 

105 „ 
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Mean 146 maunds per acre. 
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The small difference at Sewan in 1930-31 has already been explained by the 
very irregular stand through all the plots due to lack of moisture in the hot 
weather on heavy soil. At Purnea the land was very rich and the soil does differ 
in important respt'c ts from that of the western districts of the range. Darbhanga 
shows a high increase in both years the trial was conducted there, while at 
Byreah in Champaran district, in the only trial so far completed the increase 
is also very high. 

The mean of the 10 increases is 116 maunds per acre, 5 are above this and 
T) below of which 2 are definitely abnormal. We are justified in concluding 
that on average cultivator’s land, a dressing of 40 lbs. nitrogen and 60 lbs. phos* 
])horic acid applied in 2 doses to the cane, half at planting and half at earthing 
will give an increase of crop of about 146 maunds per acre, most probably more. 

Recommendations. 

In all our trials wo have used the various artificial manures entirely accord- 
ing to convenience in obtaining them, some times mixtures of ammonium sulphate 
and superphosphate, sometimes ammophos 16 ])er cent., nitrogen 20 per 
cent., diammonphos— 20 per cent., N 5(> per cent.. P2O5 -or lennophos 

' 20 per cent.. N 20 per cent., PgOg. No differences from the use of the diffe- 
lent ones have so far a])peared. For convenience of \eorking in that only oikj 
manur(; need be fuirchased and handled in the field, wc can at this stage safely 
lecommend for ( ane cither 3 maunds per acre of ammo])ho8 (16:20) or 3| maunds 
per acre Niciphos No. IL whichever is cheaper or more conveniently obtainable. 
Half the amount should be applied at planting and half at earthing. 

Tjie next stage. 

Large numbers of cultivators use cattle-dung in varying quantities on their 
cane. Planters practise green manuring on a ( onsiderable scale. Inhere are uow- 
a-days available largo quantities of very cheap oil-cakes. There is no doubt as 
to the value of the first two as adding humus as well as plant food to the soil. 
Whether the third is of any serious value except as a plant food is doubtful. 
Rut all three add to the soil less P2O5 than nitrogen, whereas our work seems to 
show the reverse to be required. Our future work therefore is being directed to 
trying to discover what supplement in the way of extra. P2O5 is required with 
those three manures and whether additional nitrogen will also bo profitable. 



INHERITANCE OP AWX COLOUR IN WHEAT, 
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AND 

B. NAZARETH, B.Ao., 

Superinlendeht, Wheat-Breeding Station, Kirkee, 

(Received for publication on 9th September 1931.) 

Introduction. 

In wheats the awn colours aro black, red or white. The intensity of colour 
varies in each group. Black awns may be deop-black or merely sooty in appear- 
ance. The red-awned group may embrace various shades of brown or red, and 
the white-awned group may include yellow or yellowish -white. 

The three major awn colours are found wherever wheat is grown. Peroival 
[1921] finds black awns commonly occurring in T. iurgidum and iu T. durnm, 
but rare in 7\ vtdgare. 

The colour ni awns is greatly affected by climatic conditions. Certain black- 
awned wheats develop pigment in hot seasons only ; damp and cool conditions 
suppress colour formation. In some wheats, however, black awn colour remains 
constant under varying climatic conditions, Percival [1921]. 

Previous Investigations. 

Very little work has been reported on the heredity of awn colour in wheat. 
This is probably due to the fact that complications are introduc<Hl by climatio 
conditions. 

The Howards [1913] made a cross between a black and a white-awned wheat 
and obtained in F 2 466 black and 135 white-awned plants. The numbers show 
a mono-hybrid inheritance. 

Percival [1921] opines that awn colours follow the same type of inheritance} 
as that of glumes. Both black and red being dominant to white, and black 
dominant to red. 
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Material and Methods.* 

The investigation reported in this paper was carried at the Wheat Breeding 
Station, Kirkce, near Poona. Both the parents used in crosses are pure strains, 
maintained such for a number of years. These were isolated from wheats obtained 
from the Nasik district. 

The female parent Kala-khapli 668 {T. dicoeexm) has black awns and is very 
resistant to the rust, Puccinia graminis tritici. 

The red-awned male parent Bansi 103 (T. dnrvm) is a late, high-yielding selec- 
tion, but extremely susceptible to the black stem lust. To obtain Bansi-likc rust 
resistant strains crosses between these two strains w ere made in the season of 1926- 
26. Incidentally other character were studied, awn colour being one of them. 

The Fj plants were grown in pots during the 1926-27 season, and three success- 
ful crosses were obtained. The black awn colour was found to be dominant to red. 

The three crosses were designated II6, H7 and H8. The first yielded 74 grains 
and the other tw o 72 grains each. All of these were planted four inches apart in 
twentyfoiir-foot rows in the season of 1927-28. Due to the attack of Fusarivm 
and Phizoctonia, many plants died in the seedling stage and in all only 149 plants 
were obtained in Fg. 

The Fg generations were obtained in 1928-29. From each Fg plant 146 seeds 
were jilanted four inches apart; in rows. 

The awn colours were noted in the field and again in the laboratory. Both the 
l)lack and red awns have various shades, but variations when unaffected by at- 
mospheric conditions are distinct enough to be classed as cither black or red. The 
complete linkage of pubescent glumes and black awns, however, facilitated separa- 
tion of black awns from red. The white aw ns, which appeard in Fg were distinct 
and were easy to classify. 

Goodness of Fit has been worked out according to Fisher [1928]. In his table 
Fisher has given values of corresponding to specially selected values of P. 
“ If P is between ’1 and *9 there is no reason to suspect the hypothesis tested. '' 
However, if P is below^ *05 then the higher value of X“ indicates a significant de- 
parture from hypothesis. 

Results. 

(teneraiion. 

The Fj generation of the cross $ Kala-khapli 668 X c? Bansi 103 was like the 
female parent ; black awn colour being dominant to red. 

*The Work was carried under the supervieion of the following Buccessive Ciop Bolanists to iLe 
Government of Bombay ; Mr. R. K, Bhide, until 1927, Mr. S. G. Bhaleiao, B.Ag., fnin 1927 to 
1929 ; and Mr. R. K. Kulkarni, B.Ag., 1929-30. The present Benior author hafl lecn in chaise of 
the work since April 1930. 
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Generation, 

III 1?2 gouoriitioii, bosidoH the parontal black and red awn colours, some plants 
wore found to have white awns. The distribution of population was as 
follows : — 

Table I. 


Segregation of Atvn c^dour in 

F,- 




Calculated 

(0 cr- 

Awn colour 

Observed 

12 : 3 ; 1 

0 

Black ........ 

107 

lU-7fi(K) 

0-2011) 

Red . . 

21) 

27-9375 

0 0104 

White 

i:t 

9-3125 

1*4601 

Total 

111) 

14y*(H)00 

ts. 

X* 1*7021 


J* bolwocn *30 aii(i *50. 


On the basis of 1 2 : : 1 ratio the observed data closely lit the expected ones . 

GcHeraiioa, 

Behaviour of Fg black-awned plants : — The behaviour of generation was 

quite diverse. Out of the 32 black-awncd plants ten bred true to cliaracter. Six of 
the plants segregated into black and red awns as follows : - 

Table II. 


F2 Black-awncd planLs splitting into black and red-atoned plants in 





Calculated. 




Culture 

No. 

Observed 

3 : 

1 

Total, 

J). 
♦P. j 

1 ). 

Black 

lied 1 

Black 

Kotl 





6-4 

53 

21 

55-50 

18-50 

74 

2*50 

2-5l' 

-.0 01) 

6 61 

75 

24 

74-25 

2175 

U1) 

0-75 

2-9!)' 

- . G-26 

C--02 

64 

23 

65*25 

21 75 

S7 

1*25 

2 72 

- -0 16 

0 65 

GO 

18 

58*50 

10 50 

78 

I 50 
2*57’ 

-0 58 

6—70 

24 

4 

2100 

7-00 

28 

3-00 

154' 

POl 

8-64 

r»t) 

27 

64 50 

21-50 

86 

5-50 

T*70 

-2 03 

Crand total 

335 

117 

331)00 

113-00 

1 

452 

400 

6*20 

. 0-64 


* Tlio formula, *0745 \/j). q. n. wus used, wlicro j)is the percciilago of individuals in one of the two 
classes, q is 1*0 — and n the total number of observations. 
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In almoBt all the cases the observed numbers are surprisingly close to expected 
ones. The last two .cultures show somewhat large deviations. The odds against 
the occurrence of deviations as great or greater than these are 4:1 and 4*64 : 1 
respectively. The grand totals of black and red awns deviate only by four from 
the calculated frequencies. The deviation is only *61 times the probable error. 
8ince black is throwing red coloured awns it must bo dominant to red. 

'Pen of the Fo black-aw^ned plants segregated into black and white-awned 
jJants as shown in the following table. 

Table III. 


lUachawuciyflanU splitCwg into black and white-awned j)Ianls in i\. 





! 

Calculated 




OlKSCiNod 1 




D. 

r. E. 

Culture No. 



3 : 

1 

3\)tcil 


Blacit 

Whit.- 

BlaoU 

White 



(5—5 

(53 

2.1 

(55*25 

21*75 

S7 

2-25 

(5 - 7 

44 

25 

51-75 

17-25 

(1!) 

7-75 

2-42= 

(5 - IJ 

77 

25 

7(5*50 

25*50 

102 

O'uO 

(1 18 

73 

21 

7()-5(( 

23*50 

94 

2-50 

(5-22 

oO 

12 

4(>-50 

J5*50 

02 

3*50 

'2-29= 

(1-41 

(58 

23 

()S-25 

22*75 

1 

91 

1-75 ^ 

(>• 4:1 

82 

27 

1 

81-75 

27-25 

109 

0-25 

(5-71 

1 

18 

(5 

18-00 

G*0() 

24 

0 0 

(5-73 

12 

i 

2 

10-.50 

.3*50 

1 14 

1-09 

8—7 

59 

15 

55*50 

1^*50 

74 

3-60 

2.51=1*39 

(Inind toiul 

54(5 

180 

544-50 

181-50 

720 
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With the conspicuous exception of culture 6-7; all the others give very close 
fits to calculated numbers. The deviation is 7*75, and 3*19 times the probable 
error, indicating the probable occurrence of a deviation as great or greater in only 
three out of a hundred trials. This is certainly a very poor fit. But examining 
the behaviour of other cultures it becomes at once apparent that some mechanical 
agent must bo a disturbing factor in culture 6-7. It will be noted that the odd 
behaviour of culture 6-7 is mainly due to the shortage of black-awned plants. 
These may have died due to the attack of Fumrium and JRhizoctonia in the seedling 
stage. 

The grand total of observed black and white-awncd plants gives almost a 
perfect fit to expected numbers. 

The remaining six black-awncd plants gave progenit‘8 like that of the h’ i 
p/ants. The distribution of awn colour for each culture was as follows - 

Table IV. 


F^ Black-awmd 'plmils segrajaiing into black , red and white-awncd plants in> F^, 



! 

Obsorvod. i 

1 

Calculated. 

12 : 3 : 1 

[ 



Culture 

No. 

Blttok 

Red 

White 

j 

Black 

Ked j 

Wlnte 

Total 

X a 

F 

Between 

G— 21 

:’3 

9 

6 

r)0-25 

12-5625 

■t-1875 

1 

(i7 

J-3180 

•30 &, -60 

G— 24 

18 i 

^ 1 

3 

2i-7r) 

5-437 ■) 

1-8126 

1 

29 i 

2-6321 

•20 & -30 

6—37 

81 

13 

7 

76-7o 

18-0375 

G-3126 

101 : 

2-3008 

•30 & -60 

6—39 

74 

11 

5 

67-60 

16-8750 

6-6260 

90 ' 

2-7407 ' 

•20 & -30 

6—56 

81 

18 

6 

78-75 

19-6875 

6-6026 

106 

0-2571 

i -80 & -90 

G— 60 

73 

0 

6 

65-26 

16-3126 

5-1376 

87 

j 

4-2337 

• 10 k. -20 









13-4824 

•30 & -50 

Grand 

Total 

380 

1 

68 

31 

359 

90 

30 

479 

(;-6395 

•02 & -05 


The value of P of individual cultures range between *10 to *00, indicating that 
the departures from expectation have no real significance. However, the 
value, 6*6395, of the grand total, gives a P below *05, pointing to a probable dis- 
crepancy. This seems to bo mainly due to the behaviour of culture 6 — 66 which has 
a large defficiency of red-awned plants. 
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Howovor, whoii tho aro summed, the total, 13‘4824, gives a value of P 
between *30 and *50 for 12 degrees of freedom, showing that all the cultures behave 
essentially tho same. 

Behaviour of Fo red-awned plants in F;^. 

Out of the ten re(l-awn(‘,d plants four gave only red-awned progeny in F.^. Thr 
rest of the ])laiits segregated into red and wlute-awned plants as shown in Table V. 

Table V. 


F., Frd awiml 'plnuls scijrajalivij info red and 'wliitc-mriKxl phtn/s tn 



Ohaorvod 

Calculated 3 : 1 



Uull-uro 





Total 

1 ). 

No. 

Uod 

Wllito 

Red 

White 

P.E . 


0-15 

60 

25 ' 

56-25 

18-75 

75 

2-4.S 

2-52 

6-:^ 

34 

14 

36-00 

12()0 

48 

... O DD 

2-02 

0-51 

5J 

21 

54-75 

18-25 

73 

n* - 

6-40 

61 

18 

59*26 

19*75 

79 

I*’'*'* ^ 0-67 

2*59 

0-47 

70 

27 

72-75 

24-25 

97 

0-90 

2-87 

7.35 

12 

4 

1200 

4-1)0 

16 

.. 

( Jrand 
Total 

279 

1 

109 

i 291-00 

97-00 

388 

12-00 

5-75 


All the cultures show very close a])j)roxiinations to expectation, excoj't ili< 
lirst one. The odds against tlie occurrence as great or greater than the (leviati(»ii 
of i)-15 are 9*1)8 : 1. The grand totals of red and white-awned plants give a d(ivi,r 
tion of 12 with a probable error of 5*75. The odds against the occurrence as givat 
or greater than tho observed one are 5*38 : 1. 

Behaviour of Fg white-awned plants. 

Only four Fg white-awned plants were grow Ji in F 3 . All of these bred tn." ' 
In subsequent generations white-awned plants were observed to breed true, indi- 
cating their recessive nature. 
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Genic Interpretation. 

It is ovident from tho foregoing data that both black and red awn colours are 
dominant to white condition, and segregate in monogenic proi>ortions. Tho black 
awn colour is also dominant to red, showing an opistatic behaviour. Further 
more, there are some Fa black-awned plants wliich behave like the Fi, indicating 
identical genic constitution. 

• Tlie white awns, which iirsb appeared in the Fo progeny, bred constatib 
throughout. They are, therefore, recessive in constitution. 

Tho genes for black and red awn colours are designated as B and U respec- 
tively. As both tho ])arents ani derived from pui-e lines, they sliould have honio- 
zygous constitution. Tho gene K can express itselE enly^ in tho absence oE the 
opistatic gene B. The red-awned Bansi 103, therefore must have bbRll genotype. 
Idle other parent Kala-ldiapli 5 <j 8 , must be carrying opposite allelomorphs of 
Bansi, as the cross between tlie two presents a double heteio/.ygous behaviour in 
Fg. Moreover, it has been found that the gene \i simultaneously causes red 
colouration oE glumes and awns, wiiile the action oE gene B is confined to awns 
only. Tho Khapli parent has wliite glumes indicating the presence of the recessive 
allelomorph! of gene R. The genotype oE Khapli wouhl therefore, bo BBrr. 

Tho Fi will be hybrid for both characters and upon self-fertilization would 
yield tho following genotypes in F.^, whoso F^ behaviour is also indicated. 


The presence of gene B either in a single or doublii dose, causes black awn 
colour. The first six genotypes, give black-awne<l condition. Of these, thre(i breed 
true in F 3 ; one each segregates into 3 black : 1 red, and 3 black ; 1 white. The 


Awu colour FjGonotyiKJS 


f 1 n n \i K 

2 BBlir 

2 n b u n 

12 Black . . 

I B b II r 

1 B Jj r r 

! 2 B b r r 

(1 b b II U 
a lIcU . . ] 

( 2 b b II r 

1 Wluto . . 1 b b r r . 


Behaviour in Fg 

Brcjcda true. 

Breeds true, 

3 Black : 1 rod, 

12 JUack : .> rod : 1 whitt . 
Bleeds true. 

3 Black ; 1 w'hite. 

Broods true. 

3 Bod : 1 while. 

Breeds constant. 
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double heterozygotes split in all the three colours in the proportion of 12 black : 
3 red : 1 white. 

There are only two genotypes, b b R R and b b R r which produce red awns ; 
the latter breaks up in Fg giving 3 red to i white. 

The white, being a double recessive, breeds constant. 

It will be seen from the data presented that the theoretical behaviour in F 2 
and F 3 geiieralions of the Kala-Khapli and Bansi cross has been entirely realized. 


Summary. 

1 . Data are presented which show that the black awn colour of Kala-Khapli 
{1\ dicoccum) and the red awn colour of Bansi 103 (T. durum) are caused by 

two separate genes. 

2. The gene B produces black colour of awns and is epistatic to the gene R. 

3. The gene R causes red awns. 

4. The modification of the ordinary dihybiid ratio to 12 : 3: 1 is caused by 
the epistatic behaviour of the gene B. 
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(With 4 figures.) 

[Summary : This papfvis tlio fii st of a sorio.^ on corrclaiion botween frost and the I'l'ceeding local 
meteorological conditions in Northern India. Lahore 10 hours (local time) ohscrvalion for the |Ji*riod 
1915-29 have boon analysed stalisticnlly in the ia].cv, and t quations are d(vel( ]ul between the 
inininiuin temperature c>f the night and the dew-]H>int, wet bulb and dry bulb temperatures at 10 hours 
in the ]>receding afternoon. The phy.sical significance of these statistical equations is discussed. The 
observed and the calculated values of the inininuim tcmiKTature agree closely in over 93 ])er cent, 
cases ; the discrepancies in the veinaining 0 or 7 per cent, ca.ses are not largo and tlie causes producing 
them arc explained, 3Iost of the occasions on whieli the discre] ancics are liable to recur can he 
foreseen and allowed for by a fercenster having the facilities of the Indian syj)()]»(ic chart. 

Pressure distributions most favourable for the (ccurrcjice of frost are disciissed. Un aeeoujit of 
the imixu'lanco of minimum tcnij)evaluro ^'recasts to agriculture, the necl of regular ni’teruocn obser- 
vations of air teinperalure nud humidify under standard coudilic-us of (‘X]csure at all Jigricultural 
centres is stressed,] 

1. 1ntkuductio:n. 

Temperature is one of tLo most important elements in determining the 
growth of plants, agricultural crops and fruits. A ery high and very low tempera- 
tures affect crops in various w’^ays, principally by jireventing germination, checking 
growth, killing alJ or part of the vegetative parts, injuring the blossoms or damaging 
the maturing products. Most plants make growth only during the portion of the 
year, when the temperature remains within certain limits, maturing, dying or 
becoming dormant when the temperature exceeds these limits. It is believed [Smith 
1920], that or 42°’8 F marks the temperature below which most field and garden 
crops and plants will make little, if any, development ; most of the tender varieties 
of these are either killed or seriously damaged if the temperature falls below the 
freezing point (32'^F) for any considerable time. 
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As a result of nocturnal radiation, the minimum temperature of the night 
generally occurs in the early morning shortly before sunrise. The problem of fore- 
casting frost in India, therefore, is closely connected with the problem of forecasting 
the night luinimum temperature. This paper is the first of a series to determine 
the correlation between the night minimum temperature at a station and the local 
meteorological conditions in the preceding afternoon. 

2. An examination of the available meteorological data for the plains of India 
shows that the temperature of the air in the Stevenson screen (height 4' above 
ground) rarely falls to or below the freezing point outside the region comprising 
Kashmir, the Northwest Frontier Province, Baluchistan, the Punjab, Rajputana, 
north Sind, Central India, the west Central Provinces, the United Provinces and the 
submontane diBkicts of Bihar, Bengal and Assam. Regular afternoon meteorological 
observations W(ire introduced at the 2nd and 3rd class observatories of the India 
Meteorological Jlepartmeiit in northern India about the end of 1920: The records 
at these observatoiics are therefore not sufhciently long for the purposes of a 
statistical study. There are a few first class observatories, namely, Quetta, 
Peshawar, Srinagar, Agra, Jaipur and Lahore in the above mentioned region at some 
of wliich afternoon records for a sulficiently long period are available. The aftcr- 
jioon observations recorded at Lahore at 16 hours (local time) during the period 
1920-20 are discussed here ; those for the other stations will be taken up separately. 

Si?ice frost occurs on clear nights, when radiation from the ground is strong ; 
only deta for clear nights were considered. A night was taken as clear when the 
amount of cloud was zero (on the scale 0-10) at the time of the preceding 16 hours 
routine observations, and 8 hours routine observations on tlie succeeding morning. 
During the period under examination, there were 81 such night-i available in 
December, G3 in January and 02 in February. As a result of preliminary statistical 
examination, it was found that the data for December and January could b<‘. 
coiiibincd ; these montlis arc therefore considered together in section 4. To increas(' 
the number of obseivations for February, data for another five years, 1915-19, wen 
included for this month alone, thereby raising the number of observations for tlii:: 
month to one hundred. 


Monthly Frec^uency of Frost. 

3. Frost occurs in northern India during the period November-March, but al 
stations like Srinagar, it may also occur in September and May. The percentage 
frequency and the mean number of days of frost per month [ix,, when the minimuMi 
iehiperaiure fell below 32®F) at Lahore at 4 ft. above ground and at the surfac 
for eac h montJi of this period are given in Table I. Similar information in rcspci ! 
of Srinagar, Peshawar, Rawalpindi and Dehra-Dun is also included in the tabl‘ , 



CORRELATION BETWEEN FROST AND PRKOEDTNO METEOROLOGICAL CONOITTONR 0)73 

for comparison. Of the five stations given in the table, grass minimum tempera- 
tures are available for laLore and Srinagar only. 

Table I. 

Percentage frequency and the mean m n hr of dayft of froi^t at lalwie, Prinagar, 


Peshawar, Ranalpindi and Dehra-Ikm, in each month of the peri cd September- 
May at 4 ft above ground and at the surface {where available). 


station 


September 

1 

O 

O 

November 

a 

a; 

o „ 

iS 

1 

ea 

February | 

i 

.a 

1 

I 

< 


1 ” 

1^1 

H 

Period 

of 

Record 






1 

4 ft. al>'ne ground. I 







ft. 













Unhoro . 

702 






1 36 

28 

* \ 



14 

loonso 






(0*2) 



(0-1) 






Srinaf.'ar . 

0201 


00 

10 

20 


27 

21 

3 

0‘1 


1719 

1001-20 




(OTd 

06-G) 

(24-7) 


(23*6) 

(181) 

(2*7) 

(0-1) 




Pesfiawar, 

1164 




48 


38 

14 




81 

1901-20 






(1-0) 


(l-^) 

(0*6) 






Rawalpindi 

1674 

.. 

.. 

1 

43 


44 

IS 

.. 



116 

1001-20 





(0-1) 

(ao) 


(2*7) 

(0-7) 






ne]ira*.T)iin 

2280 

.. 






60 


.. 


6 

1901-20 

1 







1 (0-1) 

(0-1) 











At the Surface 

1 1 





Lahore . 

702 

. . 


12 

34 


1 38 

16 




810 

1913-20 





(5-6) 



(7-6) 

(0-6) 





Srinagar . 

0201 

1 

10 

is 

18 


10 

17 

l2 

4 

1 

2606 

1913-28 



(1*8) 

(16-0) 

(283) 

(28-7) 

J 

(30-1) 

(26 0) 

(10-1) 

(6-7) 

(1*0) 




HOTE.— Figures witLin brackets denote tlio iiu^n mimbcr of days of frost per uiontli. 


Table I shows, as might bo expected, that frost is most frequent in December 
and January, the coolest months of the year. At Lahore, Eawalpindi, Peshawar 
and Dehra-Dun, it occurs almost entirely during the period December- February, 
freezing temperatures are less frequent at 4 ft. above ground than at the surface 
on account of the strong inversions of temperature wliich prevail in the surface 
layers of the atmosphere in the diy season from evening to early morning. For 
example in the cool season at Lahore, the minimum temperature* of the air recorded 
in the Stenvenson screen {i,e,, 4 ft. above ground) may be higher than the grans 
minimum tempeiaturo (bulb Y ^ibove ground) by about 8 to 10°F. The magni- 
tude of this difference in tempeiature varies with the locality depending upon the 
exposure of the instruments, the nature of the ground surface and the composition 
of the atmosphere with regard to water vapour, cailcn dioxide, and suspensions. 

* MemoiiTB, Ind. Met. Dept. Vol. XII, page 45. 
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4. Relation between the minimum tempbbatueb (N) on a olbar NiaaT 
AND the dew-point (P), DRY BULB (D) AND WET BULB (W), TEMPERATURES 01' 
THE AIR AT 16-00 HRS. (LOCAL TIME) IN THE PRECEDING AFTERNOON. 

Dot charts were prepared separately for the period December-January and 
February showing the relation between 

(«) the depression of the dew-point below the dry bulb temperature at 16-00 
hrs. local time (f.e., D— P) and the difference between the minimum 
temperature of the night and the dew-point at 16 hrs. in the preceding 
afternoon (».e., P — N), and 

(b) the dew-point of the air at 16 hrs. (local time) and the difference between 
this dew-point and the minimum temperature of thtf following night 
P- N). 

The do<i charts are reproduced in Pigs. 1 to 4 below. 









Dew point— mlnfmum 
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The charts show that the relation between the variables under reference is 
practically linear in each case. The continuous lines on the charts are the lines 
of best fit calculated by the method of least s juares. The corresponding normal 
equations for the lines are : — 

(1) December-January (1920-29) ; (dew-point — munimum) and (dry bulb 
— minimum), Fig. 1. 

(P--N)=17-3~-0-644(D--N) (i) 

The scatter of the observed values (P- N) about the line of best fit can be 
seen from the figure. Since P & D are known from the afternoon observations, the 
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value of N can bo readily calculated from the above equation. The standard error 
of the estimate of N from this equation^ i,e. 

2( observed value of N — calculated value of N)* 
total number of observations 
c/um( s to 3*2°F. 

(2) February (1916-29) ; (dew point — minimum) and (dry bulb —minimum), 

fig. 2. 

(P— N)=16-6--0f»04(D— N) (ii) 

The standard error of the estimate of N from this equation is 3*3®F. 

(3) December- January (1920-29), (dew point —minimum) and dew-point, 

fig. 3. 

(P—N)= 0-667 P—2M . . . (iu) 

P, the dew-point, is known from the afternoon wet and dry bulb observations ; the 
value of N can, therefore, be readily calculated. The scatter of the observations 
about the line of best fit is smaller than in case of equation (i) as is also shown by 
the smaller magnitude of the standard error of the estimate of N from this equation 
m., 2*6'^F, 

(4) February (1916-29), (dew point — minimum) and dew point, fig. 4. 

(P— N)«0-619 r — 29*1 (iv) 

The standard error of the estimate of N from this equation is 3*4®P, which 
is practically the same as for estimates from equation (ii). 

The values of the constants in the above four equations may be expected to 
vary with the locality, the month and the time of observations ; their values 
should, therefore, be determined for each month and for each station. These 
four equations contain only one independent variable ; they are therefore con- 
venient to use in practice. The graphs of the equations may be drawn once for 
all, from which the values of the dependent variable may be readily picked up. 
These equations give results nearly as accurate as the equations ix to xii 
contJiining two independent variables. 

Correlation coefficients wore worked out between the minimum temperature 
(N) of the night and each of the elements, dew point (P), dry bulb (D) and wet 
bulb (W) temperatures recorded at 16 hrs. (local time) in the preceding afternoon. 
Mnltijile correlation coefficients were also worked out between the minimum tern - 
perature (N) of the night and 

(a) dew point (P) and dry bulb (D), and 
* (6) dry bulb (D) and wet bulb (W) temperatures 

recorded in the preceding afternoon. For reasons already stated in section 2, the 
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efficients were worked out separately for February and the period December- 
Januaiy. The values of the coefficients together with their respective standard 
errors are given in Table II. 


Table II. 


Correlation Coeffioients between the Mivimnw Temperature (N) of the flight and the 
dew-point {P), dry-Jndh {D) and uet-bnlb (W) temperatures of the air recorded at 
16 hrs. {local time) in the preceding afternoon at Lahore, 


Elements correlated 

Correlation 

Coefficient 

(r) 

1— r^* 

'x/ n 

Number 

of 

Ol^rvations 

Remarks 


December- Jan 

uary (1920-29) 



1. N and P • . . 

+•72 

•04 

144 


2. N and D . 

+•43 

•07 

» 


8. N and W ... 

+•72 

•04 

>t 


4. N and W and D 

+•73 

• • 

»» 

Multiple Correia- 





tion. 

S.KandPandD 

+•73 

.. 

ff 

Do. 

6. D and P . • . • 

+•46 

•06 

tt 


7. D and W . 

+•70 

•04 




February 

(1916-20) 



1. N and P . 

+•63 

•06 

100 


2. N and D 

+•71 

•06 

>» 


3. ^ and W ... 

+•80 

•03 



4. N and W and D 

+•81 

.. 


Multiple correla- 





tion. 

5. N and P and D 

+•81 

-• 

tf 

Do. 

6. jy and P . 

+•38 

•09 

»» 


7. 1) and W . 

+•^^8 1 

02 




T es: Correlation coefficient, n = Number of observations. 

The significance of each of the four multiple correlation coefficients was 
ested by analysing the variance into its two components, (o) that due to the 

|5 2 
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regression formula and (b) that due to deviations from the regression function 
and determining by means of the ‘ Z ' test \ Fisher, 1925 ] whether the mean values 
of the two were signi fu i ntly difeunt. AU tie four tceffieients were found to be 
signifi( fnt. For e>:aDii>le, in the laie of the lowest of them in ihe scale of 
significance, it w'as found that the odds in favour of its significance were over 
12,000 to 1. 


Minimum temperature (N) of the night and the dew point (P) of the air 

AT If) HRS. IN THE PRECEDING AFTERNOON. 

The correlation coeflicient bel ween Iheie two elcn cnis is H 72 in Fecember- 
January and -| *03 in FebiiiaTV and is sigiiificMit (Talh‘ 11). The regiession 
equation between the two elements ex]»resRed in teims of Ihe actual temperatures 
instead of departures is 

(1) December- January 

N = *427 P 21T. 

(2) February 

N = -301 P -f 28T, 

Thfl standard errors of t]i(‘ esfiiniite!; of K fioni (v) and (vi) are 2-(l''F and 
3*3°F res])ectively. 

A relation between the dew- point and th(‘ minimum temperature of the 
ni>,dii:niay l)e exyeeted fiojn };ene.id ]d,ysi( al ] Tn Ihe nij/Jit a layer of 

air loses Iient liy radiation inid ( ondnetion to its simoiindij)ys in oonse(|nonce of 
whiili. it piofjTossively falls in t«ini eiatnie. W lien its 1en.| eiiitiue has rearhed 
the dew iioint. the water va]oiir in it nay lectin to loulense and on aeconntof 
the, liberation of the latent, heat- of < onde}isaiion. fmtler fall in its tenij eratiire 
may either he arrested or at least the rate of fall of f,.m|eratnre may doerease. 
For example, on the mean of the whole jieriod of lecmd nnder examination, 
the minimum temiicratnre was less than O-CF. liighei than the dew- point. 


MiNTMT'M TKMPKKATnPK (N) OP T7IK MOniT AXT) WET BllEB TEMPERATTIRE (W ) 
OF THE AIR IX THE PRECEDIKO APTERNOOr- . 

The eorrclation eoefRcieiit between the minimum temperature of the night and 
wet hnlh temp.pratnre of the preceding afternoon at Lahore is +-72 in December- 
Jannary and 4--80 in February and is liighly significant (Table II). Tlie regres- 
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sion equation expressed in terms of the actual temperatures under ref ore ace instead 
of their departures is ; — 

(») December- January 

N=-736W-2-3 (vii) 

The standard error of the estiniato is 
(/>) February 

N ==s *843 W 3*9 ... ...••• (viii) 

The standard error of the estimate is 2 rv*F. 

. Equations vii and viii are simpler than equations xi and xii (jtiven below) eon- 
taining two independent variables, and giv^e efjually good results. The reason is 
that the wet bulb is far more imporiant than the otlier inde])endent variable (f.c. 
dry bulb temperature) used in equations xi and xii. In any individual ease, the 
values of the ininimum temperature may profitably be cide ulated from the relevant 
equations in each of the two pairs of equations ami compan^d. 

Midliph correlation coefficient between mifiimum temj)eratur(* (N) of the night 
as dependent and dew 2 )oint (P) and dry bull; tein[)eraturo (J)) of the air in the 
preceding aftonoou as independent variables is 1 *73 in December- January and 
f- ‘81 in February. The corresponding regression equations expressed in terms of 


the actual temperatures are : — 

(o) December- January 

N = -392 P + *110 D + 14*8 (ix) 

(b) February 

N = *200 P + *395 D 4-9 (x) 


The multiple correlation ooellicient between minimum temf)eratur(^ (N) of the 
night as (le 2 )endent and dry bulb (D) and wet bulb (W) tfUiijuTaturi's of the air in 
the preceding afternoon as independent variabl(‘S is | *73 for Dccember-Jannary 
and (-*81 for February. The corresponding regression (‘.quations (expressed in terms 
of actual temperatures are : - - 


(tt) Dooombor- January 

N -= *837 W — *130 D 1 0-9 (xi) 

{b) February 

N -= *>22 W 1- *0150 D - - :J-S (xii) 


The standard error of estimate of N from each of the. four ^‘(juatious ix to xii 
is about the same, namely ih 2‘5''F, the probable, e.rror being :L 17 F. As might be 
expected the two pairs of equations (ix, x) and (xi, xii) give* <‘qiially accurate 
results and the values of the minimum tenqnuature. ealeidated therefrom agree, 
fairly closely with the observed values. The didV, relief', ])et\ve(m tlu^ observed and 
calculated values for the two pairs of equations are, given in 1 able III in the 
columns marked A and B respectively for reference. 

If a difference of I^F, (which is about 1| times the standard error of the 
estimate) between the observed and calculated values be ncgloeted, the number of 
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cases in which this difference was not exceeded in case of each of the equations ix 
to xii is given below : — 


Period 

Equation 

Oases of 
difference 
of 4® P or 
less 

(X) 

Total 

No. of 
Observa- 
tions 

(Y) 

^ Per cent. 

December -January (1920-29) 

ix 

137 

144 

06 

Ditto do. • 

xi 

139 

144 

06*5 

February (1915-29) 

X 

80 

109 

80 

Ditto • 

xii 

80 

100 

80 

All months Docembor-Fobruary 

ix, X 

226 

244 

02*6 

Ditto do. 

xi, xii 

228 

244 

03*6 


The maximum value of the difference urider reference is ; it occurred in 
February twice with equation xii and only once with equation x in one hundred 
observaoions. 


It has been tacitly assumed in this discussion that there is no change in the 
supply of the air at the station between the time of observation and the epoch of 
minimum temperature. If a change occurs, e,g,, if the air at the time of observa- 
tion is replaced eithei by w.arnier and more humid or colder and drier air, larg(5 
discrepancies in the observed and calculated values of minimum temperature ma^ 
be expected, since the observed values of dew point, wet bulb and dry bulb temper- 
atures used in the equations will be no longer applicable to the air mass in which 
the minimum temperature of the night occurs. Such changes in the air supply ii' 
winter are mostly associated wdth w^estern disturbances or depressions whici 
generally affect the station more frequently in February than in December oi 
January. 

A. Angstrom [1920], by making approximate assumptions regarding the rate 
of cooling of the air at night, has deduced theoretical expressions for the minimuni 
temperature in terms of the dew point (P), wet bulb (W), and dry bulb (D) read 
ings in the preceding evening. His expressions are : 

N==APtBD + K 

&N«=A'W-fB'P + K' 

Here A, A ,‘B, B , K and K are constants which may vary from place to place 
and month to month. Bq nations ix and x are similar in form to expression (ai 
and equations xi and xii to (b). Thus the equations ix to xii developed ii 
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this paper statistically have a physical significance. If A' is very much larger than 
]V, so that the effect of the term involving B' becomes comparatively smaller, the 
expression (6) takes the form — 

N^A'W+K-' (c) 

Equations vii and viii are similar in form to (c). A' is about fifty five times 
iV in equation xii and about six and a half times in equation xi. 

Minimum temperature and the pressure distribution. 

One of the most important features of th<5 pressure distribution over northern 
India in the cool season is the western disturbances or d(q)re8sions which travel 
(eastwards across northern India at the average rate of 300 — 400 miles per day. 
These disturbances are often occluded and are ill-defined on the synoptic charts. 
When well-marked, they generally show sharp warm and cold fronts like the dc- 
juessions of the temperate latitudes. When Lahore is in the warm sector of the 
disturbance, the air is warm and moist. Th<5 wind is from some easterly to 
southerly direction and the skies are cloudy. Frost docs not occur under tlmso 
conditions. With the passage of the cold front, the southerly to easterly winds are 
replaced by westerly to northwesterly winds, mucli stronger, colder and drier 
than the normal northwesterly winds of the season. These unusually cold winds 
l>low in the rear of the disturbance for about a couple of days wlien the skies are 
also clear. Under the combined effect of these cold winds and strong radiation 
from the ground at night the minimum temperature may fall down to the freezing 
point. 

Frost may also occur during unusually long spells of dry and ch'ar (anticyclo- 
nic) weather as a result of the cumulative effect of radiation from the ground on 
successive clear nights. 


Conclusions. 

The foregoing discussion of Lahore afternoon temperatures shov s fcliat frost 
occurs at the station in winter either in the cold wave in tlu^ rear of a western 
<iisturbance or during unusually long spells of clear and dry (aiiticycloiiu*) weather.- 
Within about i2°0. the minimum temperature of tlie. air on a c.k^ar night at 
Lahore can be forecasted from the wet bulb and dry bulb timiperatures of the 
previous afternoon with an accuracy of over 1)3 per cent. Tliii best equations to 
be used for the purpose are equations Nos. ix to xii. Equations vii and viii 
give equally good results and have the further advantage of containing only one 
independent variable. Equations Nos. i to iv also give satisfactory results and are 
quite useful as checks on the values obtained from equations vii to xii. The 
discrepancies observed in the remaining 6 or 7 per cunt, cases are not large and are 
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mostly associated with the changes in the supply of the air at the station after tho 
time of observations due to rapidly moving western disturbances. On such occa- 
sions, the afternoon temperature observations are not characteristic of the air in 
which the minimum temperature of the night occurs. A forecaster, provided witli 
the facilities of the synoptic chart of the Indian forecasting area, can, in most cases, 
foresee and make an allowance for such occ^asions. On account of the importance, 
of minimum temperature forecasts to agriculturists, the need of regular an<l 
accurate afternoon observations of temperature under standard conditions ol 
exposure at all agricultural centres is obvious. The constants of the formukc 
developed in this paper should be determined for each locality. If this is done, 
losses through damaging frosts and harmfully low temperatures could be reduced 
enormously by adopting protective measures in time. 

Our best thanks arc due to Dr. K. R. Ramanathan, Mr. S. Basu, M.Sc. and 
Dr. S. R. Savur, Meteorologists, Indian Meteorological Department, for having 
looked through the paper critically. 

REPKRENOES. 

Angstrom (1920). (Jeophysika Anmihr, Stockholm, 1 , 20 and 133. 

Fisher (1925). Statistical Method for Research Workers, page 223. 

Smith (1920)* Agricultural Motoor<;logy, page 67* 


Table III. 


Vahes of wwitnim UfiifmilvTe (N) and of ihe dev-powf (P), vel Ivlh (W) and drij 
hdb (D) lemparahires of ihe air ai JO hrs. (local lime) in the preceding afternoon 
at Lahore in December (1021.-29). Junmry (1920-20) and February (1916-20), 




Temperature in °F 

Minimum temperature 
calculated minus 
, observed ( F) 

Date 


Dew-point 

(R) 

Dry- bulb 
(D) 

Wet-bulb 

IW) 

Minimum 

(N) 

A 

from 

o<|uations 

IX & X 

B 

from 

oqLuations 

X & XIL 

1 


2 

a 

4 

5 

6 

7 

4th January 1926 

. 

46 

68 

57 

41 

0 

~-l 

6th f$ ft 


34 

62 

60 

36 


—1 

9th „ ,, 


41 

66 

64 

39 

—1 

—2 

10th „ ,, 

• 

44 

67 

66 

40 

0 

—2 

nth „ 

t • 

43 

67 

66 

41 

—2 

--3 
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Table III — cmld. 
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Table Hl—imti. 





Temperature in 

Minimum temperature 
oaloulated minus 
observed (®P) 




Dew-point 

(p) 

Dry-bnlb 

(») 

Web- bulb 
(W) 

Minimum 

(N) 

A 

from 

equations 
IX & X 

B 

from 

equations 
XI & XII 




2 

3 

4 

6 

6 

7 

22nd January 1027 

41 

70 

56 

41 

—2 

—2 

25th 

•> 


30 

68 

54 

36 

2 

1 

Oth 

»» 

1028 

60 

70 

60 

44 

—2 

—3 

10th 

If 

If • • 

47 

69 

68 

40 

1 

0 

2]Bi 


ff • • 

41 

64 

63 

40 

—2 

--3 

4ih 

*> 

1020 

42 

67 

65 

41 

2 

—3 

Cth 


f> • • 

46 

60 

67 

38 

2 

1 

6th 

f» 

»» • • 

44 

60 

66 

38 

2 

1 

10th 

tf 

ff • • 

43 

70 

67 

40 

■1 

—1 

18th 

♦» 

If • • 

44 

70 

67 

40 

H 


loth 

t: 

If • • 

37 

60 

64 

37 

WM 

0 

20th 

«> 

If • • 

43 

60 

66 

37 


2 

2lBt 

ff 

ff • • 

36 

60 

64 

41 


-4 

30th 

ft 

ff • • 

18 

60 

39 

20 

—1 

—2 

31st 

»» 

ft • • 

23 

63 

42 

32 

—2 

—3 

6th 

»> 

1027 

30 

67 

64 

39 

—1 

—2 

7th 

f» 

tf • • 

42 

66 

64 

37 

B 

0 

8th 

ft 

If • • 

38 

63 

61 

34 


1 

0th 

If 

It • • 

30 

66 

63 

33 


3 

10th 

It 

ft • • 

33 

67 

62 

32 


3 

nth 

tt 

ff • • 

36 

66 

62 

33 

8 

3 

Ist Beoember 1026 

48 

76 

61 

40 

2 

2 

2nd 

If 

tf • • 

47 

76 

61 

41 

1 

1 

3ni 

9f 

ft • • 

46 

76 

60 

41 

1 

0 
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Table 111— <mtd. 







Temperature in 

Minimum temperature 
oaloulated mmiie 
observed ^F) 


Date 



Dew-point 

(P) 

Dry-bulb 

(D) 

Wet-bulb 

(W) 

Minimum 

(N) 

m 

B 

from 

equations 

XI & xn 


1 




2 

3 

s 

5 


7 

4th December 1925 



48 

76 

61 

41 

1 

1 

eth 

*9 

If 

• 


63 

74 

62 

43 

1 

0 

6th 


If 

• 


63 

74 

62 

' 42 

2 

1 

Stb 

I* 

•1 

« 


48 

72 

69 

41 

1 

0 

lOth 


fi 

m 


48 

72 

69 

39 


2 

nth 

ft 

If 

• 


48 

71 

69 

39 


2 

12th 

»» 

fi 



49 

72 

69 

40 


1 

14th 

99 

If 



49 

70 

69 

41 

1 

0 

ISth 

♦» 

.1 

• 


48 

69 

68 

40 

2 

0 

16tb 

•f 

ff 

• 


60 

69 

69 

39 

3 

2 

nth 

»• 

ff 

• 


47 

70 

68 

38 

3 

2 

18ik 

ft 

If 

• 


42 

72 

67 

36 

3 

3 

19th 

tf 

If 



44 

72 

68 

36 

5 

4 

20th 

ff 

If 



43 

68 

66 

35 

4 

4 • 

26th 

ft 

If 



44 

68 

66 

37 

3 

2 

27th 

»> 

If 



43 

68 

56 

36 

3 

3 

28th 

ff 

II 



42 

71 

66 

35 

4 

3 

29th 

If 

If 



43 

71 

67 

36 

4 

3 

30th 

If 

If 



44 

70 

67 

87 

3 

2 

0th 

If 

1026 



64 

71 

62 

45 

—1 

-2 

leth 

If 

If 



47 

66 

66 

43 

•^2 

—4 

16th 

»» 

ft 



46 

67 

57 

40 

1 

0 

19th 

If 

ff 



39 

69 

56 

38 

0 

0 

20th 

If 

If 


• 

41 

68 

56 

37 

2 

1 
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Table 111— oontd. 







Temperature in 

Minimum temperature 
calculated minus 
observed {°F) 



Dal<5 



Dow -point 
(1^) 

Dry-bulb 

<«>) 

Wet-bulb 

(W) 

Minimum 

(N) 

A 

from 

equations 
IX k X 

B 

from 

equations 

XI k XII 



1 



2 

3 

4 

6 

6 

7 

‘Jlst Dftcembcr 1920 

. 


43 

08 

56 

37 

2 

1 

22nd 

»» 

If 



30 

09 

54 

34 

3 

3 

24th 

»> 

f) 



34 

08 

53 

36 

1 

1 

27th 

it 

»> 



37 

71 

65 

34 

3 

4 

28th 

it 

If 



39 

69 

56 

36 

2 

2 

29th 

it 

tt 



40 

71 

56 

36 

4 

3 

30th 

it 

it 



41 

73 

67 

30 

3 

3 

Sist 

it 




37 

74 

66 

30 

2 

2 

ICth 

ft 

1927 



43 

71 

67 

38 

2 

1 

22nd 

it 

it 



63 

69 

60 

46 

—2 

— ^3 

4th 

it 

1928 


• 

47 

63 

65 

43 

—2 

—4 

6th 

it 

ti 



44 

63 

64 

40 

—1 

—2 

8th 

1 1 

it 



50 

07 

58 

44 

—2 


17th 

it 

tt 



47 

68 

' 57 

41 

0 

~1 

18th 

it 

tt 



39 

1 70 

55 

39 

—1 

—1 

10th 

ti 

tt 



43 

70 

57 

39 

1 

0 

20th 

it 

JJ 



60 

71 

60 

41 

2 

1 

2l8t 

ti 

If 



49 

68 

58 

40 

2 

0 

23rd 

it 

M 



48 

72 

69 

41 

1 

0 

31st 

n 

tf 



45 

61 

53 

39 

0 

—2 

Ist 

it 

1929 



45 

76 

60 

43 

—2 

—2 

28th 

a 

tt 



35 

01 

60 

36 

0 

0 

16th 

9f 

1927 



66 

68 

01 

49 

—6 

—6 

Ist 

f9 

1920 



38 

78 

68 

46 


—6 
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Table III— co)i<d. 





Temperature iu "F 

Minimum tenii)erature 
calculated minus 
observed ('’F) 



Date 

Dew-point 

(p) 

Dry -bulb 

(D) 

Wct-bulb 

(W) 

Minimum 

(N) 

A 

from 

equations 
IX & X 

B 

from 

equations 

Ji& XII 

* 


1 

2 

3 

4 

6 

6 

7 

2]id December 1920 . 

48 

77 

62 

44 

—1 

—1 

3rd 


ff • • 

45 

77 

00 

45 

% 

—4 

—4 

4th 


ff • * 

39 

74 

67 

42 

—3 

—3 

Cth 

>9 

>f • • 

35 

71 

54 

40 

—3 

—3 

9th 


ft • • 

40 

75 

67 

38 

1 

1 

lOth 


ff • • 

38 

73 

50 

« 

36 

2 

2 

11th 

>» 

ft • • 

39 

72 

56 

37 

1 

1 

12th 

t9 

ff • • 

40 

73 

67 

37 

2 

2 

13 th 

»» 

ff • 

42 

70 

59 

38 

3 

2 

14th 


ff • 

40 

75 

58 

40 

- 1 

—1 

:Ust 

ft 

99 • • 

35 

70 

54 

30 

1 

1 

Gth 


1921 . 

57 

73 

Ot 

49 

-3 

_-.4 

7th 


99 • • 

53 

70 

01 

47 

--3 

^4 

8th 

ff 

ff 

51 

70 

CO 

44 

—1 j 

- 2 

5lh 

» 

1922 . 

50 

76 

02 

48 

^5 

--5 

8th 

» 


53 

74 

02 

47 

- 3 

-4 

2r)th 

tf 


44 

03 

53 

38 

1 

—1 

aist 

»9 

ff • • 

35 

04 

51 

37 

—1 

—2 

12th 

f» 

1923 . 

33 

07 

62 

37 

—2 

—1 

20th 

ft 


45 

71 

58 

41 

0 

—1 

2lBt 

ff 

If • • 

41 

71 

56 

41 

—2 

—3 

24th 

ft 

ft • • 

48 

71 

59 

45 

—3 

-4 

25111 

ff 

ft • • 

47 

72 

59 

43 

—1 

—2 

26th 

ff 

„ . . 

44 

71 

57 

41 

— 1 

- 2 
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■ 

Temperature in 

l^inimum temperature 
oaloulated minus 
obaerred (^F) 



Date 


Dew-point 

(p) 

Dry-bnlb 

(D) 

Wet-bulb 

(W) 

(N) 

A 

from 
equations 
iz A X 

B 

from 

equations 

Ti&xa 



1 


2 

3 

4 

5 

6 

7 

27th Ddoember 1223 • 


38 

60 

55 

39 

—1 

—1 

28th 

» 

88 • 


31 

69 

52 

38 

~3 

--3 

29th 

M 

88 • 


36 

70 

54 

37 

0 

0 

81«t 

*» 

88 • 


84 

70 

54 

38 


—1 

18th 

•• 

1024 . 


49 

70 

59 

44 



19th 

•f 

88 • 

♦ 

47 

67 

57 

45 


—5 

2iid JaatiAiy 1920 


46 

68 

67 

30 

2 

0 

6th 

>» 

88 


49 

68 

58 

41 

1 

—1 

7th 

M 

88 


47 

71 

58 

38 

8 

2 

17th 

88 

88 


51 

68 

59 

42 

1 

—1 

18th 

8.1 

88 


47 

60 

58 

41 

0 

—1 

26th 

8» 

88 


46 

64 

55 

42 

—2 

-3 

8th 

88 

1021 


37 

73 

56 

40 

—2 

—2 

16th 

88 

88 


44 

69 

57 

44 

—4 

—4 

17th 

88 

88 

e 

40 

66 

64 

37 

1 

0 

23rd 

88 

88 

e 

43 

69 

56 

44 

--4 

—5 

27th 

88 

88 

• 

46 

71 

58 

41 

0 

—1 

90th 

88 

88 

• 

86 

73 

55 

40 

—3 

—3 

20th 

88 

1023 

• 

51 

70 

60 

46 

~3 

-4 







Febri 

nary 



3id Fe}jniary 1923 

• 

42 

71 

57 

39 

5 

5 

5th 

>8 

88 • 

• 

26 

67 

50 

42 

—4 

—4 

6th 

88 

88 • 


28 

70 

52 

30 

1 

1 

nth 

88 

88 • 


33 

61 1 

49 

38 

0 

0 
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Table III— oonti. 


Minimum tempeinture 

Temperature in oaloulated minus 

obeerred CF) 
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Temperature in 


Minimum temperature 
calculated minus 
observed (”F) ^ 

Date 

1 

Dow -point 

(p) 

2 

Dry-lmlb 

(t>) 

3 

Web-bulb 

(NN) 

4 

Minimum 

(N) 

5 

A 

from 

equations 
IX (fe X 

6 

B 

from 

equations 

XI k XII 

7 

2r)th l’'el)riiarv 1927 

32 

70 

63 

41 

0 

0 

27th 

28 

73 

53 

46 

—6 

—5 

lOth 1020 . 

39 

59 

50 

38 

0 

0 

Ill'll • 

36 

03 

51 

39 

0 

0 

14 th • 

47 

09 

58 

41 

3 

4 

16th „ . 

43 

74 

58 

44 

1 

1 

Bth • „ 1921 . 

39 

05 

53 

39 

2 

2 

fitli „ • 

38 

07 

54 

39 

2 

3 

8tli »« »» • * 

37 

71 

55 

42 

1 

1 

Oth ft • 

24 

68 

50 

37 

1 

1 

• 14th „ „ . . 

32 

73 

55 

45 

--3 

2 

ir.th „ „ . . 

30 

7<i 

50 

45 

2 

o 

IGth . 

33 

79 

58 

45 

0 

0 

17th „ „ . . 

30 

81 

59 

45 

1 

1 

ISlh „ „ . . 

35 

83 

00 

48 

-1 

—1 

19th tt »> • * 

40 

85 

02 

48 

1 

0 

201 h „ M • • 

42 

8(» 

0)3 

48 

2 

1 

Oth „ 1922 - 

40 

70 

58 

43 

2 

2 

7 til t* • 

44 

72- 

58 

43 

2 

2 

8th „ „ . . 

48 

73 

00 

49 

- 3 

2 

9tli . 

45 

77 

61 

50 

—3 

—3 

10th „ „ . . 

61 

79 

03 

49 

0 

0 

2 r)th „ „ . . 

40 

78 

01 

53 

—5 

— 5 

20th . 

42 

78 

60 

47 

0 

0 
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Table III- contd. 








Temperature in °F 

Minimum temperature 
calculated minus 
observed (°F) 



Date 



Dew-point 

(P) 

Dry-bulb 

(D) 

Web- bulb 
(") 

Minimum 

(N) 

A 

from 

epiations 
IX & X 

B 

from 
equations 
XI & XII 



1 



2 

3 

4 

6 

6 

7 

26th February 1923 


• 

45 

70 

67 

47 

—3 

—3 

lOtli 

ff 

1924 


• 

45 

63 

64 

41 

0 

I 

11th 

tf 

99 



42 

66 

64 

43 

—2 

—1 

ISth 

99 

99 

• 


41 

68 

66 

42 

0 

1 

16th 

99 

99 

• 

• 

37 

71 

65 

43 

0 

0 

17th 

99 

99 

• 

• 

42 

71 

66 

50 

~~6 

—7 

ISth 

99 

99 



39 

74 

67 

44 

0 

0 

19tii 

99 

•f 



39 » 

76 

68 

45 

0 

0 

20th 

ff 

99 



44 

79 

61 

47 

1 

0 

2lBt 

*9 

99 



46 

78 

61 

49 

—2 

—2 

Ist 

99 

1919 


• 

48 

62 

65 

43 

—1 

—1 

5th 

99 

99 

• 

• 

48 

67 

67 

43 

1 

1 

6th 

99 

ff 

• 



69 

56 

41 

2 

2 

13th 

99 

ff 

m 


41 

76 

69 

46 

0 

1 

2l8t 

99 

ff 



48 

76 

61 

46 

1 

1 

2iid 

99 

1918 



36 

72 

66 

38 

5 

4 

3rd 

99 

99 



34 

71 

64 

36 

6 

6 

4th 

99 

99 



32 

69 

63 

37 

4 

4 

7th 

99 

99 



36 

73 

66 

38 

5 

5 

8th 

99 

99 



33 

73 

55 

45 

— 3 

—2 

14th 

99 

tf 



46 

76 

60 

46 

1 

1 

16th 

99 

99 


• 

46 

76 

60 

44 

3 

3 

16th 

99 

ft 


• 

38 

77 

58 

44 

1 

1 

17th 

99 

n 

• 


41 

78 

69 

45 

1 

1 


V 
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SOME STUDIES IN RESPIRATION AND OTHER METABOLIC 
ACTIVITIES IN BERRIES OE THE GRAPE VINE {VITIS 

VINIFEBA, LINN). 

BY 

JAI GRAND LUTHRA, M.So., D.I.O. (London), 

Professor of Botany, Punjab Agrioulliiral College, Lyall'pur, 

AND 

INDAR SINGH CHIMA, M.So. (Aa.), 

Research Assistant, Punjab Agricultural College, Lyallpur, 

(Received for publication on the 14th July 1031 J 
(With five tcx(.*li^ure!5.) 

Introduction, 

The investigation reported in the paper relates to the study of respiration and 
other metabolic activites in grape berries from the time of bearing to maturity. 
The work was carried out in 1929 in the Botanical laboratory, Punjab Agricultural 
College, Lyallpur. So far as the authors have been able to trace by the study of 
literature on the subject, it appears that the following brief references point to 
the work done on metabolic proceBses in plants including fruits. 

Ludwig lost [1907] holds that protoplasm is the seat of respiration and men- 
tions that even the same organ of an individual plant in different stages of deve- 
lo])ment exhibits the widest possible variation as far as the respiratory activity is 
concerned. “ Flowers, embryonic organs, germinating seeds, buds, etc., appear 
to respire more vigorously than full grown roots, stems or leaves. Palladin [1921] 
says On the amount of protoplasm jiresent in a tissue depends the amount of en- 
zymes and the latter determine the rate of respiration as long as the supply of 
carbohydrates is adequate. Kidd, West and Briggs ( 1921] have witnessed a fall in 
tne respiratory index of llelianihus annus and of its various parts with the increase 
in age. 

Blackman and Pari j a [1928] state, “Any change that takes place in the meta- 
bolic activity of the cell must run in close ])arallel with the corresponding change in 
ihi) respiration of that cell Richards [1890] observed an increase in the respira- 
tory activity after injury to plant tissue. He ascribes this increased respiration 
to an effort on the part of the plant to recover from the injury. Luthra [1924] 
while studying the effects of dry and moist air on the rate of respiration and break- 

095 



696 


INDIAN JOUENAL OP AGRICULTUEAL SCIENCE 


[I, VI 

down of ripe pears found that dry air hastened the rate of break-down as compared 
with moist air. The rate of respiration showed a marked decline with the lapse of 
time. Archbold [1025] holds that a high nitrogen content in general is accom- 
panied by a higli respiration rate and during storage other factors besides ni^gen 
content come into play which diminish the respiration rate. Gore [1911] says 
“ The rate of respiration is not a direct function of content of sugars or of acids 
and docs not depend on size, as Japanese Persimons are richer in sugars than straw- 
berries, yet arc less active ; oranges and lemons, which differ greatly in acid con- 
tents, have about the same respiratory activity. Red currants differ greatly in 
respiratory activity from black currants although they are nearly the same in size. ’’ 
Spoehr and Mcgce [1923] hold that “ A carbohydiate content alone cannot lo 
taken as an index of the rate of respiration''. According to them presence of 
amino acids in a tissue ilctermines its respiratory activities. Appleman [lOlOJ 
found an invariable parallelism between the respiratory intensity of sweet corn and 
the Catalase activities in the expressed juice. 

Scheme of the investigation. 

The subject has been studied in the following respects 

A. Determination of the rate of respiration of grape berries cf different ages. 

These estimations were made in the laboratory (1 ) on bunches removed from the 

plant and (2) in situ i,e,, while the bunches were on the plant. Experiments on 
grape bunches in si(u were carried on during the day from 6 A.M. to 12 noon and 
at night from 9 p.m. to 3 a.m. 

B. A biochemical study of metabolic changes throughout the life- cycle from 
the time of bearing to maturity. The following determinations were made at 
intervals. 

1. Total solids. 

2. Total reducing sugars. 

3. Total titrable acids. 

4. Nitrogen contents. 

5. Water-insoluble residue. 

0. Specific gravity of the juice. 

7. Cellulose. 

C. Study of cor relaf ion between the rate of respiration and sugars. Deter- 
mination of co-eflicient of conelation between sugars and acids. 

(A) Studies on Respiration. 

. The work was undertaken to discover if there was any correlation between the 
intensity of respiration and the biochemical changes that occur in grape berries dur- 
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lag the process of maturation. The nature of the problem necessitated a study of the 
activity of respiration and chemical changes in developing grape berries. For 
purpose two Indian varieties of grape vines uAjnfddjaishi and tur, growing in the 
vineyard of the Botanical Section, Punjab Agricultural College, Lyallpur, were 
selected. These varieties were introduced from Peshawar in 1910. Berres of 
jaishi are white and oblong and those of tur are black and round. Flowers, 
appeared about the 20 th of March and bunches were labelled as soon as the berries 
had set. Exact age of the bunches was known when they were subjectsd to physio- 
logical studies. 

Apparatus employed.~£hQ method employed for determining the rate of res- 
piration was one of gaseous exchange. A constant current of air free of carbon di- 
oxide wai maintained through a respiration chamber by means of a suction pump 
connected with a water tap and controlled by a mercury pressure regulator. The 
current of air entering the respiration chamber was cleared of carbon dioxide by 
passing tlirough a soda lime tower and a series of bottles containing 20 per cent, 
sodium hydroxide solution. Before entering the respiration chamber, the air was 
lot through a small bottle containing barium hydroxide. The absence of any pre- 
cipitate ensured that the air was completciy freed of COjj. Carbon dioxide evolved 

by the berries was absorbed in a known quantity of standardized NaOli solu- 
tion filled in lieiset towers. Air escaping from the Keiset tubes was again tested 
ior the complete absorption of CO^ by barium hyc^roxide. 

Experimental procedure . — In order to map out variations in the respiratory 
activity of grape berries as inlluenccd by metabolic changes, entire bunches of 
known age were removed from time to time and taken to the laboratory for tho 
determination of the rate of respiration. Bunches were taken lor the estimation 
of respiration because it was feared that removal of berries aloJie would make them 
more liable to a fungus attack and wounding was likely to augment tho COg output. 
The bunch waj weighed before and after the experiment and loss in weight was 
recorded each time. It was then quickly transferred to the respiration chamber, 
winch had been previously exhausted of CO 2 by running the api)ajatus empty for 8 
hours. After putting in the bunch, the apparatus was again run for half an hour. 
Keiset tubes were then comiocted with the respiration chamber. For each 
determination, the experiment was run for not less than 22 hours. 

During the course of these estimations, care was taken to keep the apparatus 
air-tight. Respiration chamber was always kept covered by a piece of black cloth 
to stop carbon assimilation. The bottles containing 20 per cent. EaOlI solution 
used for rendering the air free of carbon dioxide before it entered the chamber, were 
changed from time to time. 
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The determinations were made at the room temperature, which varied as the 
season advanced (Table III-A) ; care being, however, taken to keep the temperature 
as uniform as possible durinfJi the (ouise of each determination by immersing the 
respiration chamber in a water bath. The temperature, in this manner, wasC kepi 
constant to within two degrees, during the experiment. 

At the close of the exj)eriment, Keiset tubes were thoroughly washed with boiled 
distilled water. The CO^ given out was quantitatively estimated by titrating the 
solution Hgainst N using phenolphthalein and methyl orange as indicators. 

The amount of NaOi I us(;d up ill the reaction was ascertained and from this total 
CO 2 evolved during the duration of the experiment was worked out. 

To elimiiiatci any possible error due to washing of the absorption tubes and traces 
of CO 2 finding their way from the air, the apparatus was run for 24 hours periodi- 
cally as a control. The NaOll in tlie absorption tubes was titrated and the amount 
of alkali used up in this way was subtracted from that taken up by tlx CO 2 evolved 
by the berries. Tlie results were expre8S(‘(l on initial weight of the berries as (\ ( . 
of COg evolved per 100 gims. of berries per hour. 

Results, 

Determinations of res])iratory activity were begun, when berries were two days 
old in the case of and about five days old in the (*ase of tur. At these stagCvS 
berries had attained an aj ])rcciab]e size fit for liaiidling. Expeiimeiits were carried 
on till berries had r'omphdcdy ma.tur(;d. The resulls are given in Table I and the 
range of variat ion is ilhi.strdtcd in graph Rig. 1. 

It appears from the data that l espiration was veiy active, when berries were 
young, but the rale gradually slowed do\\ n and became fairly constant later, as 
berries advanced in age. The raU‘, of respiration declined very ra])idly during the 
first thirty days after setting ; after which jjeriod the decline was not so well pro- 
nounced. On the obth and r)2nd d.-iy a slieht rise is iiotici'able. This was due to the 
fact that some of the IxTiies, during the couise of ihi‘ t'Xpeiiment, were attacked by 
a mould and caused fermentation. Tlie, biiiiehes were taken out, respiration 
chamber w^as steriliziul an<l ex j‘ei iments wer(‘ htarled again. Aft(‘r that, no such 
iluctnations occurred and the curvo shows a steady fall till the re8j)iratory activity 
reaches a minimum. The minima in the curve correspond to complete maturity of 
the berries. 

Reference to experimental evidence illustiates tliat the rate of respiration fell 
from c. c. of C'Og per hundred grms. per hour, when berries were young to 4'7lt 
c. c. of iX). when berries had fully matured. 

A similar fall in respiration rate was discovered in the case of the tur variety. 
Analytical data obtained in this case strictly corroborate that obtained in 
The results arc given in 'table II and graphed in Fig. 1. 
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In 1930 the experiments were repeated and four determinations were made with 
three bunches of the same age in each lot. The results showed slight variations 
due to the difference of temperature, but on the whole corroborated the data of 
1929. 


Table I. 

Showwg the rate of respiration in the Jaishi Vine throughout the life cycle of the 

berries. 


Date of commencement of the experiment 

Age of 
berries 
in days 

Duration 
of the 
experiment 

Output of 
COa in cos. 
per 100 grms. 
of berries per 
hour 

15th April 1929 . 







2 

22 hours 

30*49 

20(h April 1929 . 







5 

24 „ 

20-27 

24th April 1 929 . 







8 

22 „ 

l6*tS8 

27th April 1929 . 







10 

24 „ 

11*86 

6th May 1929 . 







16 

26 „ 

lU-81 

J4th May 1929 . 







20 

24 „ 

7*47 

18th May 1929 . 







26 

26 „ 

7*60 

24th Hay 1929 . 







30 

24 „ 

7*26 

26th May 1929 . 







35 

27 

8*40 

29th May 1929 . 







40 

28 „ 

6 99 

30th May 1929 . 







47 

28 „ 

1 

6*86 

4th June 1929 . 







52 

26 „ 

7*67 

7th June 1929 , 







66 

26 „ 

6*03 

12th Juno 1929 . 







60 

27 .. 

6-97 

16th June 1929 . 







66 

26 .. 

6-87 

20th June 1929 . 







70 

23 „ 

4-86 

25th June 1929 . 



• 




76 

24 „ 

4‘79 
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Tablb II. 

Showing the rate of respiratioti of grape berries in the tur Vine. 


Date of commonoemont of the experiment 

Age of 
berries in 
days 

Duration 
of the 
experiment 

Output of 

CO 2 in COB. 
per 100 grms. 
of berries per 
hour 

26th April 1929 

3 

23 hours 

26*69 

30th April 1929 

6 

22 „ 

16*46 

8th May 1929 

16 

26 „ 

13*61 

20th May 1929 • < 

29 

28 „ 

7-69 

27th May 1929 

36 

24 „ 

9*27 

let June 1929 

40 

22 

7*67 

10th June 1929 ........ 

60 

26 .. 

7*37 

14th June 1929 

66 

26 „ 

1 

4*67 







STUDIES IN RESPIRATION AND OTHER METABOLIC! ACTIVITIES IN GRAPE VINE YOl 

Respiration of grape berries in Siru during day time. 

Kidd, West and Briggs [1921] while studying respiratory index of detached 
parts of Helianthus annus determined respiration of an entire plant in situ in the 
field. They noticed a strict parallelism between the values obtained from cut and 
entire plant m situ to the extent that there was a continuous falling olf in the 
respiration rate with age in both cases. 

With a view to find out if such a bulky material as grape berries would yield 
similar results, the experiment referred to was conducted . 

Ajyparatus used , — In the absence of a water tap in the field, an aspirator was 
employed in place of the suction pump, etc. Experience showed that the aspirator 
did not exert a sufficient force to draw in air through Reiset towers. Three 
babblers with spiral tubes were therefore employed and each contained 100 c.c. of 

^ NaOTI solution for the absorption of CO 2 . The apparatus used for the removal 

of CO 2 from air entering the respiration chamber and the procedure adopted were 
the same as already described. 

Experimental jyroced are. Only one plant of variety was selected for this 

purpose. Bunches, which could be. conveniently luiiulled, were selected. The 
respiration rate was estimatcul once a week and was coutiniuMl till the bunch 
was ()8 days old. At this stage the (experiment was stoppeed, becjause mislead- 
ing values were obtained due to the aiiptearance of a fnugus on the berriea. The 
bunch under inv(estigation was cartefully intr()duc(ed into a wide moiitlKid glass 
bottle. A slit was kept in the cork tliroiigh whicli pcediinclo of the bunch could 
pass. All joints were made air tiglit by wax. Tine plant (jhamixer was tluen plac(ed 
in a water bath and was kept covered by a piece of black cloth in order to keep out 
light. The apparatus was run empty for half an hour to expel CO^ from the respi- 
ration chamber before CO 2 absorj)tion bubblers were connected with the respiration 
chamber. After half an hour bubblers were attach(*d to the plant chamber and the 
experiment was allowed to continue for six hours each time. Temi3erature of the 
plant chamber was taken occasionally by a thermometer inserted in the chamber 
(Table III). Reference to Table HI shows that the average temparature variecl 
only from 2 to 8 degrees during tlio course of delerminations except on 20th April 
1929 when it was 84 degrees h' due to clouds but it shows a rapid rise from fi-7 a.m. 
to 12 Noon-1 P.M. in almost all the experiments. 

At the close of experiment, the buncjh w^as taken out and its volume was 
measured by water displacement method, because weighing was impracticable. 
The bubblers wore taken to the laboratory, washed with boikid di -tilled water and 
CO 2 was quantitatively estimated by the method already described. The results 
were expressed as c.c. of GOg evolved per 100 c.c. of the bunch per hour. 
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Results . — Tho results obtained with detached bunches in the laboratory were 
also expressed on volume basis in order to make them strictly c omparable with those 
got iyi situ. From the data compiled in Tables III and IIT-A and graphed in Fig.2, a 
close agreement between the values obtained in the field and laboratory is noticeable 
to the extent that respiratory activity shows a gradual decline as the berries 
mature. Values obtained in the laboratory and the field when the berries were 
2 days old are identical and this is diu^ to the average temperature in both the 
cases being nearly the same. In the field higher values are obtained for the 
determinations made on berries S, 12, 19 and 26 days old than the corresponding 
figures got in the laboratory. Higher temperature in the field in those days seems 
to be responsibile for the increased respiratory activity there, since later on, when 
average temperature of the laboratory exceeded the average temperature in the 
field, as summer advanced, the results tended to be slighily higher in the case of 
laboratory. For practical purposes, however, the results are similar in both the 
oases and they are confirmed by the results of Kidd, West and Jlriggs. 

Indirectly the results also confirm the view that there is greater respiratory 
activity with the rise of temperature. 

Table III. 


Shotrwg the rate of respirafifyu of grape berries in situ. 


Dato of comnionccrneiit 
ol the 
oxporimont 

Ago of 
berries 
ill days 

Average toini)era- 
iuro of the 
chamber for 
the day 
I'cgrees 1*’ 

Output of (X), 
in cos. 

per 100 0 . 0 . of 
berries per 
hour 

Duration 
of iho 
experi- 
ment in 
hours 

20th April 1929 

2 

84 

32*48 

6 

24th 

8 

92-7 

23-34 

6 

2<»th „ „ . . . 

12 

95-9 

23*58 

6 

0th May „ . . . 

19 

91*2 

18*98 

5 

14th 

26 

940 

12*48 

6 

2l8t 

33 

i)0*6 

8*54 

6 

28th 

40 

89-6 

5*83 

6 

4th June „ ... 

47 

95*2 

6*94 

G 

nth 

54 

93*7 

6*65 

6 

18th . 

(U 

02 

6*21 

6 

26th „ . 

68 

93*6 

5*90 

6 
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Table III-A. 


Shou ing the rate of res'piration of grape berries in the laboratory. 


Date of commence- 
ment of the 
experiment 

Ago of 
berries 
in days 

Average tempera- 
ture of the chamber 
for the day 
Degrees F 

Output of Cog 

0. C’s per 

100 cc of 
berries per 
hour 

Duration 
of the 
experiment 

In hours 

15th April 1920 

2 

84-2 

34*01 

22 

22nd April 1929 

6 

85 

24*0 

24 

24th April 1929 

8 

84*2 

M-45 

22 

27th April 1929 

10 

86-2 

11*97 

21 

0th May 1929 

15 

.s91 

lO-Ot 

25 

14th May 1929 

2(» 

90*6 

7*01 

24 

18th May 1929 

26 

91*8 

7*55 

26 

24th May 1929 

30 

93*8 

7*53 

24 

26th May 1929 

35 

93-9 

8*65 

27 

29th May 1929 

40 

96*2 

7*13 

2S 

30th May 1929 

47 

97*3 

6*91 

28 

4th Juno 1929 

52 

99*6 

7*96 

26 

7th June 1929 

60 

96*2 

7*02 

26 

12th Juno 1929 

00 

100*1 

6*11 

27 

16th Juno 1929 

66 

94*2 

6*03 

26 


SkSI’IKAI’ION in SlTlf DTUiNO NIGHT. 

These studies were furtlier carried out to asetirtain the boliavioiir of berries with 
regard to respiratory activity at night. Ten observations were made from time to 
time from 9 p.m. to a.m. 

Apparatus and experimental procedure, - The apparatus used and the method 
followed were exactly the same as already described except this that the (ixperiment 
was conducted at night. 

Results . — Data obtained are represented in Table IV and 2 Page 704. 
Examination of the values obtained during day and night reveals that under the 
conditions of the experiment there is no difference between the respiration rates in 
the two cases. The general form of the curves in both agrees with one another, but 
slightly low figures are obtained at night and this difference is evidently due to 


C C. OF COa EVOLVED PER lOOC. C. OF GRAPE BERRIES PER HOUR. 
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lower temjjerature. In no case the average temperature exceeded 80° F but during 
the day time it was as high as 05°F. 


Table IV. 


Choiring the rale of respiration in situ at night. 


Dale of coininence- 
ment of the 
experiment 

Age of 
berries in 
days 

Average 
temperature in 
degrees from 

9 P.M. to 3 A.M. 
Degrees F 

0ui))ut of Coj 
per 100 CO of 
berries per hour 

Duration 
of the 
experiment 
in hours 

loth May 1929 

2 

79T> 

29-7G 

G 

14th „ . . 

6 

79-6 

22*36 

G 

2 let mm • • 

13 

84-7 

19*14 

6 

28ili M • • 

20 

74*2 

showers of rain. 

6*47 

6 

4th Juno 1929 

27 

89*6 

stormy. 

7*90 

6 

11th „ „ . . 

34 

85*2 

6*13 

6 

18th » • • 

41 

84-2 

6*65 

6 

26th „ . . 

48 

8:i*6 

6*32 

6 

2ntl July 1920 

5G 

84*7 

4*47 

G 

9th „ „ . . 

63 

86*2 

3*71 

6 


~ Re SU \H A TJ ON_ R L OE G HA PE BlRRI P I N S IT U 

AT ’ 

E r F R e . N V T I M r- G OF THEIH LIF E, HI STOKY - - " ■ 



Kg. 2. 
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(B) Metabolic Changes. 

Chemical changes accompanying the metabolic activities of grape berries during 
theii’ life history were studied with reference to the following constituents. 

1. Total solids. 

2. Kediicing sugars. 

3. Total titrable acids. 

4. Nitrogen. 

5. Water-insoluble residue. 

6. Specific gravity of the juice. 

7. Cellulose. 


Methods employed for the estimation of the above constituents and the. results 
obtained were as follows : — 

1. Total solids , — The amount of dry matter present in the berries at different 
times during their growth was esiima ted every week. A known weight of benies 
was placed in an oven, at a temperature of 90*^0. Of course it is not possible to 
completely dry the sample at this temperature but heating beyond 90*^0 is likely to 
lead to the decomposition of sugars, so this temperature was never exceeded. The 
best method for estimating the amount of dry matter in the berries would have 
surely been that of drying them in a vacuum oven but arrangements could not be 
made for it. 

Results , — liable V below gives the variation in the dry matter for both jaishi and 
tur varieties. Looking at the figure ioi jaishi it will be seen that the percentage of 
dry matter on the 3rd day after setting is rather high, then it goes on decreasing 
till about the 3rd week, when it continues to rise giadually up 1o the end of the 
ripening period. It is lather difficult to explain the excess of dry matter during 
the first week of setting, since as it will le noticed later on, the amount of cellulose 
material is almost constant thiougliuut the life cycle of tie iiuit. This probably 
means that the percentage amount of proteins and sugars and other noii-cellular 
material is much less in the beginning. 
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The excess of dry matter in the initial stage is also noticeable in the case of 
the iur variety. From about the second week onward the total solids, however, 
show a steady increase uptil the end. The results are represented in fig. 3. 


— - Tot al, souds throughout the life, cycle, of 

— Grave. Berriils 


a 

I 



DAYS AFTER SE'ITING --> 


Kr. 3. 
Table V. 


Showing fercevlage of total solidx io grape berriefi of both the varieties at different ages. 


Jaisfii 

Tui' 

Dato (»f e.stiriiation 

Af<o of berrieH 
in days 

Percmtaj'O of 
total solids 

Dato of OKfimation 

Ago of berries 
in days 

Percentage of 
total solids 

16th April 1929 

3 

13'76 

28th April 1929 

6 

11*17 

I9th April T9*i9 

7 

11*73 

3rd May 1929. 

16 

6*71 

26th April 1929 

14 

7*48 

10th May 1929 

19 

7*29 

30th April 1929 

19 

7*83 

20th May 1929 

29 

9-41 

3raiVTnyl"29 

21 

8*0 

27th May 1929 

36 

11*30 

lOUi May 1929 

28 

8*4 

3rd June 1929 

40 

13*73 

17tli May 1929 

36 

8*45 

loth June 1929 

60 

16*26 

23rtl May 1929 

40 

9*97 

17th June 1929 

56 

20*31 

30tli May 1929 

47 

12*62 




6th Juilo 1929 

54 

13*30 




13th Jimo 1929 

61 

16*66 




20th June 1929 

68 

20*25 




27th June 1929 , j 

76 

23*76 


1 
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2. Redwing sugars . — In the early stages, berries of both the jaishi and tur 
grape vines are green in colour and it was expected that prior to formation of 
sugars there would be starch produced. But microscopic examination and 
chemical tests failed to reveal the pi esence of starch grains. It appears that 
sugars are the direct product of carbon assimilation. 

Before reducing sugars can be estimated, it is necessary to obtain the juice 
in a suitable form. For this purpose the method recommended by Haynes 
[1925] was used. A known amount of berries was rammed down into silver- 
plated metal cylinders and left over night in freezing mixture. Next morning 
the berries along with the juice that had come out during the night, were crushed 
in a pestle-mortar and the entire mass ground to a fine pulp and transferred to a 
260 c. c. flask with the help of distilled water. The juice was clarified by the 
addition of basic lead acetate and stirred. The flask after being shaken thoroughly 
was allowed to stand for 10 to 15 minutes, so that proteins and other allied bodies 
may settle down. In order to remove the excess of lead, powdered sodium car- 
bonate was added till the solution was just alkaline. The solution was now made 
up to the mark, well shakmi and filtered. The first portions of the filtrate 
were again transferred to the filter paper, till a clear solution was obtained. 
This juice was used for the estimation of reducing sugars, whicli was done as 
follows. 

20 c.c. of the Fehling’s solution wore prepared according to the method of 
(Ling and Jones) and were titrat(5d against the juice obtained from the berries as 
described above and diluted to a suitable strength. Ferrous ammonium sulphate 
and ferrous tliiocyanatc were use<l as external indicator. The mid point was 
detected by bringing a drop of the reacting mixture on to a marble slab in contact 
with the above indi(.*ator. Absence of any red colour indicated the com- 
pletion of titration. The estimation was repeated till concurrent results were 
obtained. 

ResuUa . — The results obtained are given in Table VI below and are also 
represented in Fig. 4. It is to bo noticed that the rate of accumulation of reducing 
sugars in the berries is rather slow during the first I weeks after setting. During 
this period the rate of respiration is corresjiondingly very high. This means 
evidently that the amount of sugars product^d by the plant in its earlier stage is 
not very much in excess of what wouhl be recpiired for the respiration process. It 
is only after the metabolic activities come to a uniform rate that the accu- 
mulation of sugars occurs. At this time the amount of given off by 

the berries also shows a decline and practically becomes constant after a few days 
more. 
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Table VI. 


Showing percentage of reducing sugars expressed on dry weight of berries, Ihrmtghou 

their life cycle. 


Jaishi 

Tur 


Ago of 

Percentage 


Age of 

Percentage 

Date of ostitnation 

berries in 

of reducing 

Date of estimation 

borrios in 

of reducing 


days 

sugars 


days 

sugars 

20th April 1929 

2 

•95 

28th Aiiril 1929 

6 

1*24 

23rd April 1929 

10 

3*65 

3rd May 1929 

15 

4*39 

27th April 1929 

20 

7*83 

loth May 1929 

19 

7*62 

8th May 1929 

26 

907 

20th May 1929 

29 

9*00 

16th May 1929 

35 

17*08 

27th May 1929 

36 

15*22 

23rd May 19i9 

40 

2306 

3rd Juno 1929 

40 

54*55 

30th May 1929 

47 

46*12 

10th June 1929 

50 

88*41 

6th Juno 1 929 

50 

66*70 

17th June 1929 

55 

94*74 

13th Juno 1929 

60 

88*09 




20th Juno 1929 

67 

92*.56 




26th June 1929 

75 

93*31 

i 




V A RI ATIONS \ N R F. D U C I NR G A> R S 

"TMROUOHOUT 1-1 K E. CN^aL-E. OF (j R APF Bf-RRIE S 


IK 



DAYS AFTER SETTING- > 


Fig. 4. 
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3. Estimation of total titrable acids , — Lewis [1927] has shown that the acids 
present in grapes consist mostly of tartaric and malic acids. The unclarified juice 
as prepared above was used for the Cvstiniation of these acids. This was done by 
N 

titrating against -j^NaOH using plienolphthaleiii as indicator. Duplicate titra- 
tions being always carried out. The results obtained were expressed in terms of 
malic acid. 

Results , — Table VII and Fig. 5 illustrate that the total titrable acids also 
increase during tlie first 1 weeks or so and then in ]>arallel with the rise of reduc- 
ing sugars, they begin to decline gradually. The decrease in the quantity of acids 
continues up to the end, when only about three pin* cent, of them are present on the 
THth day in jaishi and 55th day in tur, Th<^ prescuice of such a small amount of 
acid in perfectly ripe berries obviously constitutiis an advai^tiige as far as its flavour 
and taste are concerned. 


Table VII. 


Showivg the percentage of total titrable acids expressed in terms of malic acid on drij 

iveigld of berries. 


Jaishi 

Tur 

Date of (‘.stiin.it ion 

Ago of 
Lorries in 
days 

Percentage 
of malic 
acid 

Date of ostiniation 

Ago of 
berries in 
days 

Pcrcontago 
of malic 
acid 

20tli April 1929 

2 

I4*t(> 

28th A]ml 1929 

5 

17-36 

23ra 1929 

10 

18-23 

3ril May 1929 

15 

21-10 

27th April 1929 

20 

27-60 

10th May 1929 

19 

23-23 

8th May 1929 

2t) 

30-0 

20Ui M.iy 1!»2;) 

29 

24 -St) 

10th May 1929 

35 

36-98 

27th :Nr.iy 1929 

3(J 

23*89 

23r(l May 1929 

40 

29*88 

3rd Juno 1929 

40 

11-96 

30th May 192<) 

47 

16-84 

loth J uiio 1929 

50 

S-17 

6th Juno 1929 

56 

10-90 

17th Juno 1929 

55 

3*12 

13th June 1929 

60 

6-40 




20th Juuo 1929 

67 

4-,35 




20th Juno 1929 

75 

3-27 





o 
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VARtATiONS IN TOTAL. T\TRABL£ AcIDS 

IN 

— Grape BeRR^es throughout their life cycle 



PAYS AFTER SETFING > 

Fig. 5. 


4. Nitrogen.' Nitrogen was estimated according to Kjeldahrs method . A weigh- 
ed amount of berrii^s generally 20-25 grams was transferred to Kjeldahl’s flask and 
after the addition of 25 c.c. of concentrated .II 2 SO 4 and 10 grams of K 2 SO 4 and a 
small crystal of CUSO 4 , tlie whole was digested over a strong flame till the solution 
became, quite transparent. 

Tile contents on cooling were transferred to LOO c.c. flask and made uj) to 
the required volume. 50 c.c. of this solution were added to a distillation flask and 
strong soda solution added till the liquid became distinctly alkaline and ammonia 

liberated was receivxd in 20 c.c. of P- NaOH and thus the amount of H2SO4 used 
and eonse(]uently tlu'. amount of nitrogen present in the corresponding sample 
was calculated, from which ihe percentage of nitrogen in dry weight of berries was 
arrived at. In ordt^r to allow for the amount of nitrogen present in the different 
reagents a control was always run parallel to the experimental flask. 

7i\’s?d/.s*.--The determinations were made 4 times during the life cycle of berries 
in jaishi only. The results obtained are given in Table VllI which show that nitro- 
gen falls down consistently up to the 47th day, while on 75th day there is a slight 
rise of which no satisfactoy explanation can be offered. 
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Table VllT. 


Showing the 'percentage of nitrogen in grape berries exjiressed on dry weight at 

different times. 


Variety 

Date of estimation 

Ago of 
berries iii 
(lays 

rercentaKO of 
nitrogen 

Jaishi .... 

J 8th April 1920 . ... 

5 

2*41 


2iid May 1929 .... 

19 

1*44 






30th May 1929 .... 

47 

*530 


2Gth June 1929 . 

75 

Ml 


5. Sugars and acids are the chief water soluble con- 

stituents in grape berries. A groat deal of cellulose, proteins and other mate- 
rial insoluble in water are also present. The amount of these was determined 
by taking a known weight of berries and grinding thoroughly in a pestle-mortar 
till it was reduced to a line pulp. This pulj) was now repeatedly washed with 
distilled water to free it of all the soluble substances. InsoIu])le nisidue was dried 
in a steam oven to a constant weight. 

Besidts. — Water-insoluble residue was found practically constant during the 
entire life cycle of the berries. It came to 4*7:3, :k6 I and Ikl 1 per cent, of the 
weight of fresh berries. It has be(‘n observed that total organic, nitrogen shows a 
gradual decline. This would mean that this dediiu^ is rather restricted to the 
soluble portion of the nitrogen showing thereby that the metabolic processes during 
the growth and maturity of the berries make use of soluble and Jience rapidly 
available nitrogenous substances. 

G. SjicciJic gravity . — The determination of siKJcific gravity was made with the 
object of finding out the changes in the concentration of the juice during the ripen- 
ing period of the berries. Tlie juice was extracted as previously explained and 
filtered through 4 or 5 layers of fine muslin. Specific gravity was determined by 
actual weighing of the juice in a specific gravity botthj. 

Resultsr The analytical data obtained are shown in Table IX. The figures for 
specific gravity show a steady rise throughout the life-cycle, showing that the 
amount of soluble matter goes on increasing till the end. It is remarkable that 
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this increase runs almost parallel with the increase in reducing sugars, showing 
thereby that the amount of soluble material consists mainly of reducing sugars. 

Table IX. 


Showing l/w specific gravity of grape juice in Jaishi variety. 


Date of eatiinalion 

Ago of 
berries 
in days 

Spccilic gravity 
of 

tho juice 

24 ih April 1020 . 






. 

. 


12 

10190 

2n<l May 1029 . 







• 


17 

1-0192 

9tli a; ay 1029 . 









20 

1-0198 

loth May 1020 . 









33 

1-0239 

23rd May 1020 . 









40 

10304 

30th May 1020 . 









47 

1 0492 

7th Juno 1020 . 









54 

1-0587 

14th June 1920 . 









01 

1-0643 

2lBt Juno 1020 

. 








08 

1-0796 

28th Juno 1020 . 

• 





• 



75 

1-0900 


7. (U’llulose.- This constituent was not determined directly but some idea can 
be obtained b\' siibtiaciing from the ligines for water-insoluble residue the corres- 
ponding amount of insoluble, jnoteins as calculated on the nitrogen basis. The 
iigures for nitrogen aie arbitrarily mullij)lied by the factor 6*25 to get the pro- 
teins. The results are given below in Table X. 

Tailk X. 


Shon lhg llw perccvlagc of cell u lose in grape birries at dijferenl ages as calGulalcd front 
uatc} -insoluble residne and protein ^ etc. 


Date of csliniato. 

A 1:0 of 
beniora 
ill 

days 

IVrcciilage 

uf 

iiilrogen. 

lVn*eutage 
uf total 
solids 

Percentage 
uf total 
proteins as 
calculated 
from 
nitrogen 

Water- 

insoIubJe 

residue 

Percentage 

uf 

cellulose 

18th .'pril 1929 

5 

2-41 

13-76 

2069 

4-73 

2661 

2nd May 1020 

19 

1-44 

6*93 

•619 

3-29 

2 671 

301 1/ May 1020 

47 

636 

10-47 

•35 

3-08 

2-730 

tthJune 10-29 

76 

1-115 

200 

1-394 

3-41 

2-016 
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It will be seen that the percentxi^e of eelli;lose in the berries is imaiTected by 
other changes that take place (luring the life-cycle of the fruit. Ifie conclusion 
s(‘cins to throw some light on the cellulose constitution of the berries. The size of 
tlie bt^rries increases and yet the aniouJit of cellulose remains almost constant. 
Does this mean that the material coinprisiug the c(>lluIose is of an elastic** nature, 
;nid in its distended form can serve the uccmIs of the berries as well, as in th <5 earlier 
stages of growth of the fruit ? The qiiestioii re(pMres fiirtluu* investigation. 

Discussion cf the results. 

As already remarked there is a distiiu^t c.orrelatioji between the respiratory 
process going on in the berries and the amount of sugars ami aihls })res(mt there. 

A statistical study of correlation (1) btitwciui res]>iratory activity of the Iwirries 
and reducing sugars in tlu^ case of jaixlii shows that it is faiijy signi{ie,ant a.nd the 
co-eflicient of correlation conies to - *b2rf::*l‘h This evidcuitly means that tin*, 
increase in reducing sugars tends to lower the r<‘S])ira.tory acjtivity of the fruit and 
(2) between reducing sugars and total titra.ble a.e,ids indicates that tlu*, relationship 
is signifi(;a.nt. Co-eflicieut of (jorrelation in th(^ (jase of jdishi is - and in 

the ease of inr it is 0'02 |. *03. lh‘spiration takes place to a great extent at the 
expense of soluble protein bo(lies. This means tJiai the b(Mri(‘s during their earlv 
period of growth make use of both sugars and ])ro1eins. That the, amount of CO 2 
given out by the b^wries after i or 5 w(^eks becom(‘S almost (constant points to the 
conclusion tha,t henceforward tin*, berri(^s are, finujtioning for the purpos(^ of storing 
the ])roduc,ts of ])hoto-sy])th(di(i a(;t ivity ratlier than meeting the demaaid invn)Iv(Ml 
<luring growth. Tlu' accumulation of sugars made a.fte,r being sawed iti this way 
acc, mints for the e(*,onomie, iinpmtaiua* of grapes. 

^rhe authors' thanks a]<* due to J)r. Damji Na.rain, Assistant to the .Vgricultural 
(heinist to Dov(*rumeiit. Dull jab. for t lie help that he gave in ea.rrying out the 
(jlumical part of tin*, siiliject. 

Summary. 

1. Tlespiration ratt‘s of grape b(UTi(*s of /a/.v//?’ and varieties were studied 
throughout their life-cycl(‘. Exjierimeutal data show that tlu^ berries respired 
very actively during the <*arly stages of their growth but the intensity of resj>iration 
slowed down as the berri(*s advarujed in age. 

2. It appi^ars that as ripening advances, tluire is an increases of sugars and a 
decline of respiration. Accnimilation of sugars seems to retard r(iSj)ira,tory activity, 
which is also affected by age. 

3. Co-efllci(mt of correlation between sugars and respir/itory activity in th (3 case 
of jaiyJii was worked out and was found to be significant. It came to — ’52 ±‘14:. 

u 
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4. Rato of respiri if ion in detached grapfi bunches as well as those in sitn lia^; 
been found to be the same and decreased as the process of ripening progressed. Tk 
results obtained are in exact conformity with those obtained by Kidd, West and 
Briggs. 

5, Study of i.hft respiration of berries during night time has not shown aiiy 
noticeable dilh^rence, when compared with the results obtained during day tinn . 
Lower tcm])erature seems to be responsible for the slight fall in the respiraioiy 
activity at niglit. 

n. Reducing sugers show a steady increase with the ripening process. The maxinm 
in the curve for sugar corres])onds with ihc complete maturation of the grapt' 
berries. 

7. Totfil titrable acids go on increasing for about four or five weeks and after 
wards tiny begin to fall. The maxima in acid curve coincides with the accumula- 
tion of sugars in much greater amounts tlifin before. 

8. Nitrogen : Nitrogenous contents show a straiglii. deejim^ till 't7th day. 

0 Water-insohibh‘ r(‘sidiie- remains practically constant througliout tlie litV 
cycle of the berri(‘s. 

10. H])eciiic gravity of 1h<‘ gra])e juice kee.])S a c,l()st‘ pace with the increase, cl 
sugars. 

11. (^dlulose content of th(‘, berries remains staiionary throughout, although 
8ever.il c]uiug(\s ar(‘ Inking ])lae,e in o1h«T constituents. 

1 2. (\>-eirici(‘nt of (iorndaf ion between sugars and acids comes to • -0'78:L0‘0S in 
the case cf jitisJii and - ()'02]:l *0^ in Ihe case of hi-r. It is found to be significnni 
in ])oth the cases. 
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INDICTJM, D. C. TN DIFFERENT’ SOFL CONDITfONS WITH 
. SPECIAL REFERENCE TO ROOT DEVELOPMEN'r. 
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(Received for [jul)licatioii on the Mth July 
(WiUi Plates LXVfr an<l lA VTU.) 

The importance of the relation of soil coiulitions to the developincnt and dis- 
tribution of root-systems is one of the chief consideiMtions in tlie economit* study of 
agricultural crops because it leads to an intelligent ap])]icat ion to crop production. 

In India, sosamum is grown in many diJTerejit types of soil, from the ])Oore8t 
sandy soils to the richest clay(‘y lands. It is but natural that th(' cro]) varies con- 
siderably in yield in the difTorent soils. From the economic ])oint of view, therefore, 
the different types of soil, which are most suitable for the full fh^vt^lopnnmt of the 
(;rop, are worth investigating. VV ith this id(‘a two typ<5S ol Sesamam iadienm, 
Ihisa Type 22 (early) and Pusa Type 20 (late) were st>wn in two series in difle.rent 
proportions of sand and clay. Tiie. plants w(U(*. grown in large (cylindrical contain- 
(os made of wire-netting. Tiiese wtuTi liiunl insith*. thickly with ])lanta,in l(a).f- 
slieaths, and such pots weae found to hold the soils vtny well. ^I'hey wx*re 16 in 
diameter and 30" deep. 

The soils were prepared in the following pro])ortions :- -(/’) clay*, (u) { sand | .J 
clay, (Hi) { sand-f j clay, (iv) i sand | | clay. Eight pots wcie used for each type 
tlius allowing a duplicate set also running for obs(‘i’vation. The. soils wtue n>ade 
uniformly moist, before filling in the containers, to ])rovide, tlu^ l iglit comlition lor 
the gennination of the seeds. As the sesamnm cro]) is giowri dining the rams in 
iiihar very little irrigation was required ; when tin* soil Ixcanie (by a,n c.(pifd 
amount of water was applied to each pot. 

The roots of the early seri(‘s were washed tAvo months, and thos(‘. ol the late 
three months, aftiu- soAving. They Avere Avaslicd (Hit. slowly Avith a Knapsack 

« Clay, as oidinary juidUy fi<'l<l soil, I’lisa. 
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Sprayer preserving at ihe same time the natural spread of the roots with the aid 
of long needles which were thrust in to keep the roots in their natural positioji 
when the soil was being washed away. 

The detailed obsei*vations made on the root and shoot were as follows : — 

(A) Early Series (Type 22). 

Soil : (Hay. — The plant grtiw to a height of 54 cm. with three secondary 
branches, and formed 4 cai)sules. The main root was 10 cm. long and was about 
8 iniu. thick at tlie start and then tapered gradually. Tiiere were 10 secondary 
roots ; most of tlusse were si< uated within a f<^w cms. from the soil surface. The 
secondaiy roots ])roduc(ul veiy thin teitiary roots and those were about 6 per 1 cm. 
length. The spread of the roots in general was not extensive. The colour of tlu* 
roots was rather dark brown. 

Soil : sand | J day . — The plant grew to a h(;ight of G2 cm. with 4 secondary 
branch(\s and formed 21 capsules. The main root was 12 cm. long and it was 
about 9 mm. thick at start and then tap(‘.re<l gra.dnally. There were M secondary 
roots, most of them being within 5 cm. from the soil surface. The secondary 
roots produced thin but long tertiary roots and these wen^ about 10 per 1 cm. 
length. The sprc'ul of the roots in general was com2)aratively greater than in the 
previous case. 

Soil: i J — The ])lant grew to a height of 72 cm. with 6 secondary 

branches and formed 128 capsules. The main root was 15 cm. long and it was 
about 10 mm. thick at start and tli(m tap<‘red gra.<lually. Tlnre wore 20 secondary 
roots, most of them being within 8 cm. from th(‘ soil sin fac(‘. The secondary roots 
in this case were ])Taetically similar in pro|*oitions to thos(^ dt'seribed above. The 
S])rcad of ihe roots in gejieral was greater than iri the. above cases. 

Sod : J | ,{ day. — The plant groAv to a. height of 82 cm. with 5 secondary 
branches and formed 150 capsules. The main i out was 18 ein. long and 12 mm. 
thick at start and tapered gradually. There wen^ over 35 sc(jondary roots ; j)racti- 
cally all of them aiipeaied within 12 cm. from the soil surface. The secondary 
roots 2 )roduccd enormous nuinb(u of Jong teitiaTy loots and they were about 15 
per 1 cm. length. The spread of the loots was the greatest of all in this group. 
The growth of the roots and the shoots of the early series are illustrated in Plate 
LXVII. 


(B) Late Series (Type 20). 

Soil : day, — The plant grew to a height of 64 cm. with 14 secondary branches 
and formed 48 caj)sules. The main rof)t was 20 cm. long and it was about 1*2 cm. 
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thick at the etart and then tapered gradually. There were 14 secondary roots 
jnost of tlieni being within 8 cm. from tlie soil surface. The secoixhuy roots 'pro- 
duced thin and fairly long tertiary roots and these were about per 1 cm. length. 
The tertiary roots also produced very thin short loots. The gtuieral spread of the 
loots was not much. The colour of the roots was rather dark. 

. Soil : I stmd + | clay . — The plant grew to a height of 84 cm. with 18 secondary 
branches and formed 98 capsules. The main root was 60 cm. long and it was about 
rr) cm. thick at start and then tapered gradually. There were 17 secondary roots 
most of them lieing situated within JO cm. from the soil surface. The secondary 
roots i^rod need long, thin, t(‘rtiary roots and these were about 4 per 1 cm. length. 
Tlie tertiary roots W'o’e longer than those in the previous case and possessed thin 
short roots. The general sj)rcad of the roots was comparatively greater than in the 
above case. 

Soil : I J olay. — The plant grew to a licight of J02 cm. with 20 secondary 

branches and formed 139 (“apsulcs. 4'he main root was em. long and it was 
about 1'7 cm. thick at start and then lapercd gradually. There were about 20 
secondary roots, most of them being situated within 15 cm. from soil surface. The 
secondary roots produced thin, long, tertiaiy roots and they w'ere about (> per 1 cm. 
length. The tertiary roots produced thin long roots. The general spread of the 
roots WAS gi eater than that of the previous two cases. 

aSW7 : I I -4 clay.— Tlic plant gixwv to a height of 107 cm. with 22 secondary 
branches and formed 212 capsules. The main root was GO cm. long and it w^as 
about r8 cm. thick at the start and ilieii tapered gradually dowm to 16 cm. and 
was 5 mm. thick, clown the entire length. There were ntore than 35 secondary 
roots, most of them being situated within 20 cm. from the soil surface. The secon- 
dary roots produced very long tertiary roots and they wnue about 10 per 1 cm. 
length. The tertiary roots also produced thin roots. The general spread of the root 
was the greatest of all in this group. The growth of the locjts and tlie shoots of llicj 
late series are illustratad in Tlate LXVill. 

From these observations and the accompanying photographs it is clc;ar iJjai as we 
pTocecd from the pot with clayey soil to the one witli sandy soil, there is a marked 
increase of vigour which results in greater height, greater number of cajisules, lotiger 
and thicker main root with accordingly well defined secondary and teitiary roots. 
The colour of the roots in the edayey soils is darker than the roots from tlic sandy 
soils. There is a definite correlation in growth and vigour b(‘tw'cen the root and the 
shoot. It is clear that the roots show their maximum develojiinent and di:-tiiijution 
in the sandy soils. The growth in the soil with the largest proportion of sand is 
much better than in the other soils and hence we infer that sesamum prefers a light 
sandy soil with the necessary moisture for its maximum development. 
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THE SJII^DDING OE NODULES BY BEANS.* 

BY 

J. K. WlLSON.i 

[ Reprinted Irom ilic Journal of the Amcricaa Sooicly of Agronomy, VoU 2*6, 

No. A, August, 1931. ] 

Uiulor ijuiform coiiditious nodules on legurniiious plants piobably remain as lon^ 
as they are of any servioc to tlio plant. If growth conditions can accommodate ii 
greater nuraher, i^ew nodules may develop. If adverse growth conditions arc 
cnconnter(‘d alt(‘r a jieilod of favourable growth, nodules may b(‘ shed. Experiment} 
liave show’ll that with an increases in moisture^ thcr(‘. is an aceompanyinf 
increase in lu.dnlation until 1h(‘ ]»ia.nt Inis n'aclu'd an cijuilibriuni at this ne^^ 
moistnrcM ontent w ith thosi' syrnbiotie, conditions tfiat bring about nodulation 
Little is hi'()wn hn^e^( r. i.bnd whei hn}'| ens to a jojtion t»r iill of tlie nodulcf 
that 1)av(‘ d('Vclo]<e(l under the brst nodnlating < onditions when the ]>]ant eneoiinici} 
less hivoiiiable ^'lowlli ciicnnatanci } . It would seem logical tliat if an ineroasein 
inoistuie causes a plant jo d< vi'loj; more ladules that tlu‘ reverse condition shouM 
cause it to sJicd iKjdules. The (-bseivations leeoided in this i>aper are of interest in 
this connection. 

T KOI! NIC 

The eifeet of a reduction in moisture content from that w'hieJi w’as presiait 
when nodulation oteiiired wos nirasuied by olisoiving the number and jihysical 
condit.ion of nodules that nanained on plants aftiu’ tiiey wini^. vSubjeeted to various 
tU^gnuis of desiecation. Tlie exact [)roeedure of JioAV such information wuis obtained 
is giviMi in the, following paragra.|)hs. 

]) link irk silty el ay Inain was takni f»'ojn a field where beans w’ore grow’ing, 
This was ])laee.d on a Ijngr eanvao and iiniformly mixed. Equal W’eights of tJu 
moist soil were juit in oiu*-]iaU gallon ( io( ks. Tlu^ total weight was taken of ejieli 
eroek with the soil in it in onln tJiat inoistuie ( ondit ions eouJd be controlled. A 
sample was also used for moisture detiuminatioii. Laleiilations showed then*, were 
in eaeli crock J.8G0 grams of dry soil. With tlu'si^ facts at hand, it wuis possible to 
a<ljust tlu^ moistuit; content in any eioek to any desired percentage. 

In order to liave uniform conditions for iiodnle formation, tlie soil in each 
eroek Avas not only thoroughly iuoeiilateil Avith a Avater suspension of the projjcr 

’ Coulributinii fn.jii Die Dept, of Agroaumy, Cornell Univeryity, Ithaca, N. Y. Bcceived feJ 
publioaiion February 18, 19S1. 

t Professor of Soil Technology. 
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organism, but also was maintained at ‘20 per cent, moistnie. 'Yl v. cjocls were kej.t 
stiUiding in running water so tliat tenijeiatine conditkius for all a\ci)1(1 le alike. 
Frequent weighings, sometimes twice daily, and the addition of distilled water kept 
the moisture content reasonably uniform. 

lied kidney leans weje planted on July 22, about 10 to 12 for each crock. 
Uji August 14, inspect io]i showed jilants to ])e well-nodulated; giving an average 
of at least 30 nodules to the ])lant. At this j;eriod desh cation was begun. The 
crocks were divided into groups of four and the moisture si'ontaiK'ously reduced 
(o the following per(entages : 20, 15. 12*5, JO and 8. After the nioistiire reached 
the desired pc^rceiitage it was inaijitained at this content for one day and then 
])rought back to the original 20 per cent. 

Shedding ubseuvations 

Observations w(‘.ro luadii on September 0. The plant.:> were just b(‘gimiing to 
hlooiii. Those in crocks wJiere tlui moisture had beeii rediu i'd to 10 a.n<l 8 per cent. 
W(U’e showing the clfects of sucli a treatment. The, lowin' leaves wore beginning 
to turji yeJlow ami in some cases to fall off. After the pla-rit roots were freed from 
soil by gently washing them with a stream of water they were examined, 'file 
idrysical condition and luimbor of nodiiles that remained on jhint roots which had 
hee-n desiccated to the varying percentages of moisture were ohsorved. The data, 
together with other notes that seem desirable, are showJi in Table 1. 

Table I. 


oj OKOisitfra r(d(i('hi>n froti/ ihal ^^Jurh 'fras prrsr}ff uheu tHtdxhifutv ofuufrrcd 
ihii nfrmbcT uud (he 'jflufSieal eoedflfott o/ Me vodxleH o// red klducff hr(f,ny. 


lVrtinln«4c 

lunistiirn 

Nuuibcr «if iindiilcs 

AlUa-trd 

1 iH'didc.s 

(_•< 'Juliii« 'll f'f iillV'clrd 

ml need 

in 

reiTiMiiiinj.^ on 
eaoli }))anl 

Nil till IT 

Bel- ( rill . 

iLi'dlllfS 

20* 

.Sf), IS, n.], 14, 7S, -IS, 
ol, 2r>, (il, <)o, bl, ' 
1 84, bS, 72, IlM), ii;;, 

81), 101, 101, 112, 
111). 

N'uiu' 

1 

N'*no 


J.') 

75, Ol, SO. S2, l;}0, 
:i2, ;{0, IS, 2S, ;{r», 
2:i, 00, 48, 07, 72, 
50, .S4, 44, 42, ;3S. 

n, 20 , II . 

Olil 

Soft; and on 

WatfT. 

i2-r> 

48, 47, 72, 40, SO, 
52, 112,51,40, i;i, 
85, 50, 80, 54, 30. 

20, 2(i. 2S, 15, 4(i, 
22. .*{5, l.~), m, |H, 
41, 35, 50, 33, 20. 

.‘Jiino 

Snft, and llnat on 
Water. »Soino hol- 
low, Koine Very 
brown. 


* Fresetit whou nodulatiuii occurred. 
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Table 1— gov id. 


Pcrc^jitago 

iiifji.sturo 

Number (if midules 

Affected nodules 

Condition <.>f affected 

reduced 

to 

remaining <»ii 
each plant 

Number 

Per cent. 

nodules 

10 

3.'), 55, (50, 57, 52, 3'i, 
25, 52, 109, 44, 29, 
24, 53, 40, 70, 34, 
70, 30, 70, 9, 17. 

0, 0, 0, 20, 14, 15, 
8, 0, 18, 9, 0, 0, 
13, 0, 0, 0, 17, 
IG, 24, G, 12. 

15*00 

Soft and float oji 
water ; none hollow ; 
24 dislodged from 
plant roots and 
dark. 


33, 44, 79, 57, 21, .50, 
103, 50, 41,30,41, 
04, 104, 0.5, 11, 39, 
55, 23, 89, 29, 48, 
38, 19, 28. 

Not dctcimimiblc. 


About 50 floaters ; 
some badly de- 

cayed ; others uii 
healtliy but no visi- 
ble signs of dot ay. 


Tlui ixcoi’(]« arc ly]>ical ol several aucli tcbiw. They indicate clearly that a 
reduction in moisture of a few per cent, for 24 houiB from that wliicli was pres(^)it 
when nodulaiion occuired resulted in a shedding of nodides. A drop in moisture 
from 20 to jiei cent, destnictively affected 4, ‘12 of 1,‘tlG noduh^s. Tin’s was 

over 30 j)er cent. Individual plants showed as high as 57 per cent, of tlu? 
nodules to be afTcc.ted. Souu^ of the affected nodides were light enough to float 
on water, some wen^ soft, wliile all that was left- of others \va.s an (‘lupty hull. 
I’he latter were characteriised by a brown or dark color, ilany of those that 
were no t visibly aflectt;d were imdoubtedly less vigorous and of reduced value to 
the plant. 

Many of the nodules recorded in tlie table as lemaining on plants at liar\ est 
time were in reality some that had deM'lo]:ed between the end ol the desiccation 
period and harvest time. This wa^ judged ])artly from tlie small si/.e and fresh 
ajipearanee which they exhibited and jiartly from the average ninnbcr of iiodulc;. 
on })lants when d(*siccation was sta.rted in conipaiisoji with those ])iesent at 
harvest time on jilaiits constantly kept at a uniform moisture content. ISheddin;' 
of nodules occurred more readily on the small and fibrous roots than on the taj 
root or from locations near tlie tap root. The mechanism by which the nodiih ^ 
were shed was not observed. There was no evidence that the contraction ni 
the soil during desiecation took 2)ait in tlie Most of tlie nodule.. 

alTeeted were still in contact w ith the root, and decay seemed to begin on thr 
insitle of the nodule. In a similar exjieriment a drop in moisture from 25 ti» 
20 2 H*r cent, also caused a similar shedding of nodules. 

It required a considerably longer time to desiccate the soil to 10 or 8 j)er cent, 
moisture than to 15 or ] 2*6 jier cent. This means that those plants which grew 
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in soils desiccated to 10 or 8 per cent, liad a shorter time for the decay of affected 
nodules, before being examined than did those plants wliicli grew in soil desiccated 
to 16 and 12*5 per cent, moisture. This made it difficult to determine how many 
of the nodules were affected and may account for the observed condition of 
nodules on those plants from crocks where the moisture was reduced to 10 and 
8 per cent. 

Discussion 

These results offer a reasonable explanation for the failure of numerous investi- 
gators to obtain beneficial results from aitificial cuJtuies, particularly on beans, 
and suggest why such cultures may sonietinu^s reduce ])tain-yi(l<ls. Once a 
plant has foiined numerous nodules, as is oftcui the? cast^ iiii wet soil in eai ly s])ring, 
and subsequently encounters a dry period before maturity, it may shell many 
nodules. When the moistuie is again increased new infections occur. This 
process of nodulation and shedding of nodides, in various degrees of com])lete- 
ness, may happen scveial times durijig the life, of the i)lant. The effect of such 
recurring nodulati(ui and its lesulting inleindttent seivice to the jJant may stunt 
it so badly that final grow th may be considerably hsss. J^haly growth in the 
presence of high moistuie wilh accom].*an} ing slimulated nodul(‘ production 
brought about by the use of aitificial cultures may jiioduce a plant that canno 
readily adjust itself to diastic moisture changes which may often occur before 
plant maturity. 

Tlieso findings also ai(l in the. iiiteiiuetation of mauy conflicting data, 
cularly tliose i elating to nodular counts on plants at or near blooming time. Such 
data arc without question subject to consideiabJe i-xperimental error and should 
not be given too much cicdence unless one knows tln^ moisture conditions to 
which the ])hints have beiui subjected before the obseivations are mad(\ 

Although the obsej vations jaeseiited were made on young bean plants, theue. 
seems to be no reason w hy the effect of desiccation on nodid(iS should not a]q)ly to 
many other legumes. 

Conclusion 

]*laiits were gjown in soil whose moisture lontent was lontrolled. After 
nodulation liad occiirie.d the nioislure content of tin*, soil was reduci^d to definite 
values for 24 liours and the effect on the existing nodules observed. The out- 
standing observations are listed below. 

A reduction of soil moisture from 20 to 12 ‘6 pei* amt, caused bean roots to 
shed on the average about 30 per cent, of their nodules. Some individual plants 
showed 57 jier cent, of their nodules to be destructively affected by this droj) in 
moisture. Shedding occurred more freely on small and fibrous roots than on 
larger roots. 



ABSTRACTS 


Fauna of Lahore. 1-Butterflies of Lahore. D. 11, Puri. Bull. Dept. Zool. 
Punjab Universily. Vol. I, pji. 1—01, [Coloured Plates I — IV, biblography Udj 
April 1031. 

A hyhtoiiijjtic acc(nmt of r)7 h]’ori(*s of Imttnllios rollft tcd from T^nliorc, maiidy durint? tlio 
summer of 1025, is ^dveu. Keys lo jzeuera and s] eeies have l^eeii added. A number of ilie. sj ecies 
mentioned are of ecoiupiiiie im|»orlanec as I'Csis of eroj»s. [^I. A. II. 

Agricultural Meteorology of Indo-China [trails, title]. P. Carton (Agr. Prat. 
Pays Chauds, n. ser., 2 (J93J), No. 9, pp. J90-~i0!^, Jigs. 4). |]Cxtiaeted from the 
Experiment Station Kccord, U. S. A. Deiiartmont of Agriculture, Yol. Gd, No. 1), 
June 11)31]. 

The Bureau of Climatcdoj^y and Aj^ricultural Melo<.rolo^y, oriL;ani/(Hl In I02() in the Meteoro- 
loi^ieal Sendee of lndo*('hina, is deseribed. The bureau reeeives <lata frojn meleorolcj^ieal .stations, 
()•*) elimaloloj^ieal stations, and d54 rainfall station^. Its worK is e»tnliiied to simlies in eliniatolo^y 
and aj^rieultural ceolu^y, in wliieh it, has t ho eollaborat ion of si'eeiali>is in colTee, tea, rubber, su^^ar- 
<'anc, cijiehona, and otlier eeonomie j'lants, and of diicel(*is of oa] orlmeni stations and jilaJitation 
owners, as well as of the agrieuUural liydraulii^ .service es]:etially in tlie .study of evaiioratiiui and 
winds. 


A Study of Factors Influencing Inoculation Experiments with Azotobaoter 

P. L. Gainey. {Kansas Sta- Tech. Bnh, 2G (11)30), pp. Gti). [Extracted from the 
Experiment Station Record U. S. A. Dept. Agii., Vol. Gl, No. 1), June 1931]. 

The natural diKtribution of Azotobaiter 'v>as found ‘very clcsidy associated with, if not doia'inleni 
Upon, the alisulute reaction of the soil’. It was fnrtluT observed that when bacteria of tliis genus 
arc iiiiroducod into cultivated acid .soils with apll of less than tVO they .soon perish, Iho rapidity of 
this disap^Hjarance depending upon the degree of acidity. 

‘The addition of basic substances such as Cat Tlj, MgCOg (U* neutral of basK* .soil in sutllcient 
quantitie.s to redueo the ll"* concentration to less than l()-® will render acid soils a lit pahuliim for tlie 
existence of Azotobacter, Tlic addition of sullieieiit quantities of acid to a soil containing Azoto- 
bacter to maintain i)ermaiiently a 1C concentr.dion great(‘r than 1 X U)-® in the soil solution will 
result in the disai)poaranco of Azotobacter therefrom. The maximum IP eoncent ration in the soil 
mdutiou compatible with the existence therein of an .aetivc Azotobacter llora is very near I X 10-®. 
The major factor controlling the existence of Azotobacter in sells, at least as so far dctiuinimxl, is the 
hydrogen-ion eoncenlratioii of the soil solution, the hydrogen-ions ai>i'ai\‘ntly aeting directly as a 
toxic agdiit, tliougli there Ih a possibility that they may act indircetly by alTecting some other soil 
constiiuoiit.* 
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Midrib Forking in Sorgbnm. — G. N. Kangaswami Ayyanoar and P. Subba- 
MANYAM. Madras AgrL Jour., Vol, XMII, (1930), No. 10, pp. 626— 529 ; 1 fig ; 
6 tabs; 

llio midribs of certain sorghinn jdaiils ”W'ere foniul to bifurcate. The f()rkiiig varied ivilli the 
jiuniber of i>]aiits in wliicb it is iiianifestcd in cacli lino, tlic mmiVcr of leaves in 'N>liieli the forking 
;»l'iK^arcd and in tbc intensity ol forking. The number of bucL jilaiits varied from an odd i>lant to 
half the iioinilation. Tlio bebaviour in inberltanec (•£ the cliaraeter uas ]>ursued. Midrib dichotomy 
is logarded as an ancestral feature. It may also have a lu'aring on the J^aiialian origin of the 
Monocotyledons. [O. N. U.J 

Polyembryony in Elusine Coracana (Gaertn), Ragi. G. N. Kangaswami 
Ay YANG AR and N. Kuishnaswami. Madras Agri. Jour., Volume XVllI (1930), 
No. 12, pages 593-596. 

Iho occurrence of Polyembryony in Jiatji has been reeorded fi*r tlu^ lirst tinn*. True 
I ol^'cinbiy ony is rather rare aiiK<Jig cereals. A niierose(tj>ical examination was madi^, but from the 
nature of the material it was not jc ssible t(» determine' the manner of origiji of the second embryo. 

( uiT(‘nt. theories ol Pol3H'mbryony an* shortly rcvii'wi'd and the vi<‘\v tliat, Polyiunbryony is an 
ajicestral Jeature, n'miniscent of the (iymn(ts|‘crms is su]»i'C»rted. Tin' role of hybridity is considered 
to be that tti bringing out tlu' i eversion by altering the normal tenor of the ['hint’s life. 

Sixteen references to literature have been cite<l. [(«. N. It.j 

Sorghum -stuaies in sowing depths. G. N. Kangaswami Avyangau and 
K. Kunhi Krisiinan Namjuyak. Madras Agri. Jour., Volume XIX (1931), No. 6, 

3 figs. 

bowing de])t li in sorghum varies with s<'il and moisturo conditions. Suc<‘essru] geiinination in 
due to the combined elTort ot i>ies('< i ilyl and eoleojitile. This e< mblned length is a varietal character 
Mul is elastic w ithin limits. A i-jutciable diflerences are not ic<‘abh' wit bin strains. This asjiect of a 
strain will have to be remembiTed in Its ev(»lutioii. ! (1. N. K.i 

A study of the Chemistry of Indian Buffalo milk Casein. li. J3. Gojdk and 
D. li. SAHASRAiiuojDHK. Jovr. (Jenifal Bureau Aui, Husbandry and Dairying in 
India, Volume III, part I, April 1929 and part 11, July 1929. 

Aft(*r diseuKsing the Aarious nietliods of juviaring fat-free ajid ash-free (>aseiii the most suitahlo 
metliod ftjund ly .aetual exjerinunts is described. ^I'lie ult linate analysis of hullalo casein elono is 
‘empaled with Kjiglisli cow casein. Ihe fe imer eentains moie of caibem and U ss of jiitrugen than 
th(3 lattejr. 

results t>btaiued in the* estimatioji of the. di-nmino ne-ids in the hyelrolylic prodiiets of hufTalo 
e asein ly hyelre ehlovie- acid show' that amid iiitrog<'ji is e*\t remely Je w’ whe-ii e-oTn[ ared with tliat in 
the 113 drolylii- jKdue ts f'f cow e ase’in, liumin is luucli highe-r titan in e e \v e nsedn, e orrenj ondiiig to the 
decrease' in the amiel nitre-gen tlienr is an ijicn asc in the; non-amino uitroge'n, tlu; quantity of eystiiii; 
is negligible in hutlalo e asein A^llile arginine, hislieliiu* and lysjjie aJul amijiet ju'ids are practically the 
same in be)th tlie e*aseijis. The aetioJi of [eisin and lry}>sin on hulTale) casein shows that tliis casein 
ia more diilicult to dige.st tluiii the cuw casein. L. fc>.J 
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ORIGINAL ARTICLES 


NEUTRALIZATION AND PASTEURIZATION OF SOUR CREAM 
CARRIED OUT AT THE BANGALORE INSTITUTE. 

BY 

S. COX, 

Supennte7identt Government Creamery, Anand. 

Gujarat is the most important butter producing tract in India. Most of the 
butter is made from un-Pasteurized cream whicli in its journey from the villages 
where it has been separated becomes sour. Butter made from Pasteurized cream 
with high acidity at the time of Pasteurization is oily and objectionable to taste, 
and in order to overcome this defect neutralization of the acidity prior to Pasteuri- 
zing is necessary. 

Hunziker, the expert on this subject, has shown that when a sufficient amount 
of lime is added to sour cream to reduce the acidity to *26 per cent., the standard of 
acidity for churning cream, the lime fails to accomplish to the full extent this acid 
reduction. He proved, however, that the deficiency of the neutralizing act ion of the 
lime was due to physical and mechanical combination between the portions of 
insoluble lime and curd. The fact tliat 16 to 20 per cent, of the lime does not niact 
in the cream must therefore be attributed to the great affinity of lime for casein. 
In tliis wa}! lime so hold is unable to exert its full neutralizing action. Hunziker 
suggests the use of 20 per cent, more lime in every case than shown by tiu) initial 
acidity test. 

The following table shows some of his results 


Table I. 



Acidity in cream 


Vat No. 

Before 

neutralisation 

After 

Pastourization 

Lime not aotin;^ 




Per cent. 

1 

•59 

•30 

14*7 

2 

•59 

•32 

20-6 

[ 

3 

•63 

•32 

18-4 


(.1 ) B 
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Table 1—cmtd. 


Vat No. 

Acidity 

in cream 

Lime not acting 

Uofore 

neutralization 

After 

Pasteurization 

4 

•66 

•33 

19-0 

5 

•67 

•33 

16-9 

6 

•69 

•32 

15-9 

7 

•71 

•32 

16-2 

8 

•76 

•30 

10-0 

9 

•76 

•36 

200 

10 

•77 

•33 

15-4 

11 

•86 

•37 

20*0 

12 

•86 

•33 

12*0 

13 

•09 

•34 

13-3 

14 

1 00 

•35 

13*3 


An examiiiiition of fJie above table reveals the fact that tiie percentage of tJic 


activity of the lime varied very much even wiien the percentage of acidity was the 
same as in Vats 1 afid 2, Hand Ih IJ and 12, 12 and M. So 20 per cent, nioic, 
added in the case of Vats 1,8, 12, 12, M would have more than neutralized 
the cream and alh^ ted I he (piality and texture of the butter. 'Die quality of trade 
cream in India is n<>t up to the stJindard use,d by llunziker. If this iicutralizatioii 
was not a straightforward oj)eration, it is sure to be more dillicult in India. To 
study the tjiiestion, experiments were carried out under the guidance of Mr. K J. 
Warth, M.8c-., Physiological (Jhemist to (Government, ajul with the aid of Mr. 
Mumta/ Hussain, H.Ag., of the Punjab Agricultural Department, at the Imperial 
Institute of Animal Husbandry and Dairying, Bangalore. 

Table II. 


Experimental Results, 







Acidity aft 

cr lidding 



Initial 


Acidil V after addirii' Jimo 

10 per cent, lime 

00, 

present 

Kxperi- 

acidity of 

Acidity after 

to Ktandartlizc 

loss than for 

meat 

croiiiu 

I'asteuriza- 



Htandardizalion 

No. 

im-PaHlcii- 

lion. 





cream 


rized. 


PaHtcurized 

un-Paste - 
urized 

Pasteu- 

rized 

uu- Paste- 
u rized 

1 

■S(»77 

.5891 

•324 

•448 

•348 

•400 

•2183 

2 

•7r>t)0 1 

-.5679 

'467 

•492 

•478 

•499 

•1881 

3 

•8070 

•5460 

•207 

•410 

•242 

•461 

•2610 

4 

•9235 

•8748 

•283 

•315 

•320 

•525 

•0507 

6 

•9607 

•8190 

•306 

•365 

351 

•427 

•1417 

t) 

•8595 

•7101 

•355 

•407 

■421 

•4,52 

•1494 

7 

•9022 

•6470 

•226 

•249 

•173* 

•194* 

•2650 

8 

•7460 

•6900 

•334 

•411 

•229* 

•249* 

•0560 


* 20 |}er cent, excess lime added. 
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Table III. 


Showing fall in aoulifg hg Paste arizaing and standardizing cream and by adding 20 
'per cent, excess of lime over the standardizing quantity. 


E*l>eri- 

iiumt 

. No. 

Initial 
acidity of 
croam 
un-Pastou- 
rized 

Paateiirizcd 

acidity 

(JOj pro.sciit 

Aculify after 
lidding limo 
io Htand- 
ardizo, i.c., 

26 por rent . and 
I'aHteiirizcd 

1 

1 Acidity aflor 

1 adding 20 
]>©r cent, 
excess limo and 
Pasfourizod 

Uc marks 

1 

•666 

•4792 

•0768 

•254 

•229 


2 

‘G34 

•670 

•068 

•2.59 

% 

•233 


a 

•688 

•069 

•0288 

•390 

•318 


4 

•687 

•607 

•0202 

•300 

•216 


5 

•660 

•6G7 

•0142 

•2.18 

•177 


6 

•6782 

•670 

•(M)82 

•314 

•100^ 

' 30 per cont. 
ex(;c8H limo 

added. 

7 

•000 

•685 

•016 

•309 

•219 


8 

•441 

•430 

•0110 

•302 

*292 


9 

•462 

•462 

•• 

•361 

•283 


10 

•600 

•480 

*0200 

•262 

•192 



All/liough thd RtRoiiiil (jf OO^ pros^iiil, in tin* c.nsvm jis shown in t in*, jihovci tahio is 
not (jorrolcitod with iho fi(;tiviti(;,s of lirn<‘/, il» (’(O’iuiinly is ^•(^s|)on.sihI(i for fhn vjiria- 
tions in the activity, in a(J(liti(Hi l.o tlio (•onibi?jarion of liiin^ Avitli cas(un. The 
Jimoiint of CO., present in (T<Nini (o 1)0 s(;uHlat(li/aM] should always In*, taken into 
consideration wlien cahndalinpj the amount of lime, rec|uir(‘d for sfandardizaiion. 


Process ADOPTEr). 

All oroam for Pasteurization and stiiiidaidizalioii >Yiis ])ul into a Wizanl Central 
Spiral Coil Pasteurizer, which was found ideal for the purpose. 
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Table IV.' 

Showing some of the results obtained by the above prooedwe. 


Vat 

No. 

Pasteu- 

rized 

acidity 

Amount 

cream 

lbs. 

Initial 

acidity 

un-Past 

eurized 

Exprbtmbittal Fiqurics 

Calcu- 

lated 

lime 

Acidity 
obtained in 
vat after 
Pasteuriza- 
tion. 
Acidity 
required *26 

standardized 

20 per cent, excess 
lime 

Lime 

added 

Acidity 

obtain^ 

Lime 

added 

Acidity 

obtained 

1 

•479 

30 

•666 

•229 

•254 

•274 

•229 

•238 

•243 

2 

•676 

20 

•634 

*384 

•269 

•460 

•233 

•326 

•248 

3 

*667 

40 

•687 

•337 

•300 

•404 

•216 

•3C6 

•236 

4 

•462 

76 

•462 

•202 

•361 

•242 

•283 


•238 

5 

•670 

302 

•678 

•321 

•314 

•385 

•170 


•220 

6 

•659 

278 

•688 

•430 

•390 

•616 

•318 

•682 

•234 

7 

•4;io 

298 

•441 

•191 

362 

•229 

•292 

•387 

•216 

8 

•480 

388 

•506 

•266 

•262 

•307 

•192 

•250 

•255 

9 

•410 

334 

•414 

•164 

•343 

•197 

•330 

•330 

•243 

10 

•429 

540 

•130 

•177 

•353 

•213 

•317 

•290 

220 

11 

•5.30 

' 456 

' -538 

•2()5 

•350 

•318 

•265 

•320 

•226 

12 

•610 

477 

•610 

•2f)3 

•357 

•316 

•281 

•329 

•231 

13 

•620 

316 

•628 

•278 

•398 

•331 

•298 

•460 

•230 

14 

•440 

361 

•490 

•240 

•259 

•280 

•228 

•260 

•240 

15 

•480 

370 

•490 

•240 

•300 

•280 

•249 

•286 

•243 

16 

•716 

610 

•830 

•432 

•411 

•618 

•372 

•483 

•266 

17 

•638 

629 

•716 

•401 

•399 

•481 

•361 

•469 

•241 

18 

•732 

499 

•880 

466 

•423 

•646 

•382 

•681 

266 

19 

•684 

60S 

•6,38 

•391 

•320 

•409 

•298 

•468 

•249 

20 

•777 

482 

•833 j 

•481 j 

•456 

•677 

•411 

•612 

•253 


Conclusion. 

* Further experiments were carried out by me on the neutralization and 
Pasteurization of sour cream at Anand creamery, with the object of finding a 
simple formula ; but in each case the formula gave inaccurate results as the quantity 
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of casein in every vat of cream varied ; this was due to adulteration of the cream 
with curd. As mentioned before there is a physical and mechanical combination 
between the portions of insoluble lime and curd and the curd always varies in 
purchased cream ; therefore a correct formula is impossible. All the Bangalore 
experiments were carried out by us with the w'orst possible cream we could purchase. 
The butter manufactured from it was free from lime grittinops, of good aroma and 
texture. Samples were kept to find out its keeping qualities, and some tins opened 
12 months after tinning were found to be of good quality. In Anand some creams 
were reduced to *05 acidity, and the commercial starter added to tlu^ cream and 
churned at *3 acidity ; this butter in my opinion was nearly as good as butter 
made from fresh milk and the keeping quality was as good. The best linui procur- 
able in India was used in these experiments. 

The procedure sliown above gave very accurate results after we had gained 
sufficient experience and could be used with great su<‘.ce.ss by any one manufacturing 
about 150 lbs. of but ter daily from purcluised sour crc^aiti, as the experimental 
labour in the laboratory only takes up about half an hour and is very much more 
accurate than formulae. We found that- the secret of our siuxess Was diu'. largely 
to the method by which the milk lime was prepared. Further effoita arc still 
being made by me to arrive at a simple formula wliicdi can be used by the usual 
type of butter-men wo employ in India. 



THE STATISTKJAL BASIS OF THE TOTAL PRODUCTION OF 

A CROP. 


BY 

M. VAIDYANATHAK M.A., L.T., F.S.S., 

StalMiiian h the Imperial Crmncil of A yricuUural Reseureh, India, 

1nTR()J)UCT1()N. 

It is of primary importanc.o to an a.gri(‘uliural ooiintry like India that it should 
po8«<iHs acicuralo agriciill ural statistics whicli would give at any time a reliabh^ 
indication of tin; (‘-oiiniry’s requirements of each agricultural commodity, its 
export ahhi surplus, if any, and its economu} position as indicated by supply and 
demand. The impr(»vement of statistics of agiicultural pioductioii is therefore of 
the gi-eatest iinjHu tanco. Tn India, frequejitly visited as it is by famines, accurate 
statistics of the yields of crops are needed in order that timely steps may be taken 
to avoid shortage of su])plies during lean years, and to handle bumper crop without 
embarrassment and to the best advantages A continuous supply of accurate statis- 
tical information is essential under mcnlern conditions of marketing staple (commo- 
dities. The forecasts of cotton and wheat, for i^xamph^ issiu^d by the Unit(^d 
States of America, have such a potent influence upon world prices that even a 
suspicion of thci rcHluctioji of yitdd of any of these crops at once reacts on theii 
])riccs at Jiverf)ool. But the (*ase of India is striking in its own way- it is a con- 
timmt with diverse clinuitcs. soils and crops, producing all its food cjrops primarily 
for its own nupiirenicnts but iisiially ])()ssessing an important (ixportable margin 
and non-food ci‘oy)s, such as cotton and jute, largely for (export, in addition to 
meeting the needs of Indian industries. If the Punjab and the United Provijices 
produce wheat in large (juantities. Bengal, Bihar and Orissa. Madras and Buima 
are the chief producers of rice. Cotton is ymuluced largely in five provinces, and 
jute is ])racl ically thc^ monopoly of Bengal. Tims, apart from the important 
export, trader thcnci is an enormous and I'.vergrowing internal trade so that the need 
for accurate statistics of provincial agricultural })roductioii and exchanges is becom- 
ing more and more necessary. 

The ruESENT system of issuing fokecasts. 

The crop forecasts are estimates of production which are issued at suitable 
intervals in order that the markets in India and in importing countries may know 

( 6 ) 
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what each crop is likely to produce. Such information when timely and accurate 
discourages wild speculation and reduces the risk of market panics. The present 
method of forecasts may be summarised thus .---Three factors are brought in for 

framing an estimate of outturn, viz,, the acreage, the covditiou factor and the standard 
normal outturn fer acre. The condition factor represents the ratio of tJie <uirrent 
crop to a normal crop, and tJie normal yield per acre has been ollicially deiiaed to 
be the average yield on average soil in a year of averag^i character. Thus, witJi 
standard normal outturn acre, with tJie condition laijtor expressed as the jmst- 
ceiitago of the normal, the product <»f these three factors gives the estimated yield 
of the crop. The reporting agency iii tJie provinces is usually tlui revenue staif 
from the village aecounlaut upwards, exc<»pt in Ihmgal and some oth(‘,r permanent* 
ly settled tracts where tlu^ abs<;nee of rev<mue stall* ue(‘e!ssitates Jess satisfactory 
arrangements. 


Forecasts are now issued for ten crops on specified dates with the pr4)gres8 of 
the season, and they are as sliown below : — 


Crop 

Number of forocaslfl 

hato of piiblhiatioji of forecasts 

Rico ..... 

Three 

Oelubcr, Deccml>(5r, Fcbrii.iry. 

Sugarcano .... 

Do. 

Augiiflt, ()e('J)er, February. 

Liuaoecl .... 

Do. 

January, ACaroh, June. 

(Aroiindauii .... 

Do. 

August, Oelobcr, I'^tihruary, 

fScHamuui .... 

Four 

yopUjiuber, October, January, April. 

Wheat .... 

Five 

January, March, April, May, Auguflt. 

Cotton .... 

Do, . . , 

Auguflt, OcU>l)cr, Decern IflU', J'ebruary, April. 

Jute ..... 

Two 

July, »Seploml)er. 

ludigo .... 

Du 

October, December. 

Castor flood 

Olio .... 

February. 


The statistics of area and yield of the other erops are published in the beasou and 
trop Report issued annually by the provinces. The diileienee between tJie crops 
for which })eriodical forecasts are issued and those for which no such forecasts are 
published lies presumably in the importance ul thu former from the trade 
standpoint. 
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Acreage. 

Of the three factorn that enter into the computation of the estimated yield, the 
area figures as computed in India, except in permanently settled tracts like Bengal, 
are considered to be very accurate. But usually the area reported is the sown 
area, and a statistical estimate of how much of the sown area is harvested is 
necessary. There is again the important question of mixed crops, such as wheiU 
and gram, wlieat and barley, and wheat and rape seed ; and different provinces 
have adopted different methods for calculating the equivalent area of each consti- 
tuent of the mixture. Again in case of non-reporting areas or areas which report 
incorrectly, no systematic method has so far been devised to substitute correct 
figures or improve them. Though no hard and fast rule is possible in such cases, 
the officer in charge of these statistics can often estimate the area of a particular 
tract in any season with the help of the data of the previous season and the corres- 
ponding figures of the neighbouring similar tracts which have reported. If, for 
example, A reports X acres of cotton (or does not report at all), and if the adjoin- 
ing tracts B and report increases of a and b percentages over the previous season’s 
ari‘a, a weighted average percentage increase of B and ( > may be taken to be a fair 
estimate of the in( 3 Toase of A over the last season’s figure. Theoretically, the 
solution may be made more exact by increasing the number of adjoining tracts, 
provided they are identical witli A in the matter of soil weather, and other condi- 
tions that affect tlie acreage. As tJiis proviso can seldom be satisfied, the best that 
the compiler can do is to detect gross errors and frame reasonable estimates to 
fill up the gaps. 


The condition factor. 

The second variable that enters into tlie estimate of yield is the conditional 
or the seasonal factor by which an estimate is made regarding the current season 
in terms of the normal. The primary reporters report the yield as so many ‘Annas ’ 
of a normal crop, and the weighted average of these is struck for the district and 
eventually for the province. The system of ‘Anna estimates’ is based upon the 
idea that yiekls should be expressed in sixteenths of the normal, and that as a 
rupee contains sixteen annas, a crop might be put down as so many ‘Annas’ crop. 
The original intention was that a 16 anna crop should represent tlie normal, but as 
it was found that village opinion regards a 16 anna crop as a fust class crop, in 
most provinces the normal crop is now equated to 12 or 13 annas. Hence in 
interpreting these anna estimates a clear understanding is necessary between the 
reporting and the compiling agencies. The accuracy of this system obviously 
depends upon the intuitive skill of the primary reporting agency, firstly, in cor- 
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rectly picturing a normal crop, and secondly, in visualising a correct marking for 
the particular crop. But if the reported seasonal factors of a province for a suffi- 
ciently long series of years correctly represent the condition of the crop in those 
years, the average of those figures cannot differ appreciably from 100 represent- 
ing the normal season. It has however been found that this is not the case, show- 
ing that the reported figures are not quite correct, and it has tlierefore been sug- 
gested that the seasonal factor as thMluced from the anna (^.stimates may be cor- 
rected by using the formula : - 

The corrected seasonal factor 

Uncorrected seasonal factor X 1 00 

Av^(uage of the uncorre(‘ted for a series of years (usually 10 yeais). 

Bui the wliole problem rediues itself to how besl^ we could rate the figures 
as reported at tlieir pro])er value or, in otlie,r words, how b(*si- we coidd si.udy 
the psychology of the. reporting agency. But it must be poird-ed out t hat the 
grading itself of the auua estimates in most of the provinces is not sidiicitiiitly 
broad to secure a correct average. In Madras, for example, the gronjung follow- 
ed is Ifi as. to as., 12 as.. 11 as. to 8 as.. 7 as. to 4 as., and 3 as. to t) as., with 
a 12 anna cro]) as t lui lu.rmal ; and this is not broad enougli and seems to be 
arbitrary. A better scale would be 1(> as., 14 as., 12 as.. 10 as., 8 as.. G as., and 
4 as. to 0 a.s. 

With regard to the iiitia pretatloii of tin? normal itself, instead of taking an arbi- 
trary 12 as. (i)r any other figure) as equal to 100 per cent., the average anna 
yield (weighted for the area) for a long series of years may be taken to be tlie 
normal, and this will naturally vary with the progress of time. Again for correct- 
ing the seasonal factor, instead of taking the average uncorrected seasonal fa(;tor 
for a series of years for tlie denominator, it would be statistically correct to take 
the mode or the greatest uncorrected seasonal factor for a long series of years. 
But a detailed examination of the reported data for a long period is necessary to 
arrive at the best method of correcting the seasonal factor. However, a systematic 
examination of the anna estimates as reported from villages should be under- 
taken to secure uniformity and to remove wide discrepancies in rcjporting that 
are possible under the present system. If two neighbouring villages growing the 
same crop report widely differing anna estimates, the compiling agency may 
detect such errors and improve the data. In the case of non-reporting tracts, 
the anna estimates of Ihj neighbouring homogeneous tracts may always be utilised 
to fill up the gaps. As the estimatcis of yield depend imiinly upon the accuracy 
of those anna estimates, the statistical officer incharge of these returns may take 
samples of anna estimates for different villages growing the same crop of the same 
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age and examine tliem in light of any evidence that may be available, such as 
rainfall and temperature. Statistical methods of sampling may be employed 
fruitfully to discover gross errors in reporting, and in all such cases a revision of 
figures may bo called for from the reporting agency itself. But a statistical in- 
tuition conilnued with systematic, luethods of examination is necessary on the 
part; tJic compiling staff before the data of tJie reputing agency aie finally 
adopted. 

Standard normal outturn. 

The third factor which iiilluciu'cs tlie estimates of outturn is the accuracy of 
tlie normal yield. The normal yiehl has been defined officially to be the average 
yie.hl on av(nag<5 soil in a year of aver«age chara(*teT. Statistically, an analysis 
of tin; yields of a long series of years studied with all the factors that liave influ- 
enctid the yields may help to form an estimate of what is the normal (Top. The 
Agricultural D(*.])artment in each province classifies the lands into iirigated and 
unirrigated, and maintains standards of imrmtal yield for difTerent crops. Perio- 
dically tlu^se data are revised, and in most of the proviiu.es this is done by a system 
of cnip-cubting experiments under the su|)ervision of responsible officers of the 
district staff or of the provincial Agricultural Dtipailmeiit. But the average 
deduced fn in a few samphis only implies that a suUiciciit number of samples is 
tak<m chara<*t<Tisti(; of iluj whoh? soil. Tire nature of the (U'<rp, tlie homogeneity 
of tJje area chosen, and tlu^. identity of the times of harvest art*, all factors that 
influcucr? th(^ a('(!uraey of the average. TJi(‘o retie, ally, the jrroble.m is how with 
different sajnpl(%s, say of the same size, their means art*, distributed ; and the 
accriracy of t he average, would <le,pcnd upon a sufficient luimbe.r of sam])les hav- 
ing tJufir nu‘.ans falling wit Jiin a given range of the true mean. Notable work has 
IxHm done in t his direction by Mr. J. A. Hubbac.k [1*.)27J in sampling for ricr; 
yirdd in JUJiar and Orissa. How bc^st to secure an average from fields of helnr- 
geneous ehara(d(T is a problem full of complexity and the common methods of 
(‘stimating it eitlier from combining heaviest and thinnest crops, or from an in- 
tij hive selection of an average field, are obviously misleading to strike a correct 
aviTage. As the experimenter is to make a selection from a large number of 
plot-s growing dilfeient varieties at different stages; of growth, the method must 
bo such that as far as prssible the personal equation is eliminated. With this 
view, a lar ge number of samples must be taken distributed regularly both in time 
atnl tfpace, 

Mr. Hubback's method of sampling is this : — A tract of 1,000 square miles 
is taken and a sufficient number of centres is fixed spread as evenly as possible 
over the area, one day being allotted for each centre, and the days being evenly 
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distributed over the period of harvest. The iwimpler go<^s along one direction and 
after circling round comes back to the original position so that ho covers almost 
the same area on each day. 30 to 40 samples in a day of busy harvest and 10 to 
20 a day when it is slack may ordinarily be si^cured. But from a statistical 
standpoint it is necessary that the number of centres and tlie number 
of samples shouhl depend upon tlie extent of the tract and the area liarvestiMi. 
Tile randomrniss of the centres and tlie number of samples taken in eacli day 
would materially influence the resulting average. Theoretically, with a large 
number of samples the distribuf iem of their means as indicated by tlndr average 
and standard deviation may be studied to deducje in how many of tlu^ samples 
the means are close to the average. But it is usually assumed that the distribu- 
tion of meaiLS of a large number of random samples is th*^ normal law of error, and 
on this assumption the odds or the probability of a particular mean occurring can 
be deduced from normal law probability integral table. Mr. Ifnbbacik from tlie 
examination of bis samples concludes that ‘ the mean yield of a harv(‘sted area of 
1,000 square miles may be secured correct within one mauiid pe,r acre in about 
95 per cent, of eases of samples examined’. But it must be pointed out that the 
significance to be attached to a parthmlar average depends upon the law of dis- 
tribution of the means of the large number of samples taken whicJi is not always 
normal, in which case the standard deviation would dilTiu’ from that obtained 
from an assumption of tlie normal law. It is therefore ne<;essary that the actual 
frequency of the samples should be examined before any inferen<Mi is drawn. 

SuauKsrioNS fok verifying thk forecasts. 

Apart from rigorous tests that must be undertaken ])eiio(ru*ally to veuify and 
improve the accuracy of these various factors that miter into th(3 computation of 
the final yield, the final figures arrived at by any system of forecasts can always be 
SI ibj ected to a scrutiny by independent means, (a) If the statistics of the internal 
trade of a country combined witli export and import figures should be available, 
the only other factor that would acemunt for the total produc>tion would be 
consumption for which estimates might be worked out. But wlieii the internal 
movement itself is not known, as is in India -such data are now available for raw 
cotton only -the chances of improving these statistics are minimised. If final 
estimates could be ’worked out for a seiies of years based upon trade returns and 
estimates of consumption, they could be utilised to check the forecasted figures 
with corrections if neceesary by any index of the particular season, (h) Agri- 
cultural meteorology has been developed to a scientific pitch in recent times. In a 
country like India subjected to whims of Natuie, the study of all meteorological 
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elements that influence the yield can be fruitfully undertaken. The effects of 
meteorological factors such as rainfall, direction and force of the wind, soil tempe- 
rature and moisture content could be considered in verifying and improving the 
forecasts. Statistically the problem is one of multiple correlation, the correlation 
between the yield and the various heterogeneous factors producing a joint result. 
But the distribution of every one of these elements has to be recognised more than 
the total quantity during the year. For it is a common experience that continu- 
ous rain for a week accompanied by a break the next week has an effect upon tlui 
cro])8 which is different from a continuous rain the two weeks together of the same 
quantity. Thus, in correlating the rainfall with the yield, it is not merely the 
actual values of the weekly or the daily results that matter but their serial 
character that counts. Interesting work has been done in India correlating 
rainfall and yield, notably by Mr. S. M. Jacob, I.C.S. [1916], who has established 
prediction formula of both sowings and yield of crop in the Punjab based upon 
rainfall data for thirt}' years. A recent publi(;ation has worked out detailed correla- 
tions between weather and crop with specual reference to Punjab wheat, and wliile 
in the case of acreage tlie results are not very bad wlien compared with official 
forecasts, the yield forecasts based upon such reports are not very reliable. But 
apart from the need for the improvement of the teclinique wliich would givo more 
accurate results con elating acreage and yield with tl\e various meteorological 
factors, it is necessary that the effects of factors like prices, crop rotation, and 
plant development have to be studied conjointly, if any useful inferences should be 
drawn. 

REFERENCES. 

Butbark (1927). Sampling for Hire Yield in liibar and Oris'^a. 

Jacob (1916). Mem. Tml. }l(teoroloiiica1 Dept., Vnl X\I, Part XIV. 
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Objkot of experiment. 

The primary object of the experiment was to determine the relative merits of 
high and low silage fe^iding to cows in milk. The value of silage as a fodder for 
cows in India is now fully recognized. On the otlier hand, there is little or no 
information available regarding the amount wJiich should bo fed. As the nniking 
and feeding of silage involve a considc^rablo amount of expenditure, the question of 
an optimum ration has a distinct economic significance. The experiments to be 
described were undertaken to procure information on this point in the first place. 
At the same time it was proposed to determine the starch equivalent requirements 
for milk production. 


Procedure. 

Twenty-two freshly calved cows were paired, each pair being of the same breed 
and as nearly alike as possible m weight, age and milk yield. By separating these 
pairs one into each group two uniform and comparable groups were formed. The 
grouping of the animals is shown in the accompanying table. 


Names in alphabetioal order. 

( 13 ) 
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Table I. 

Sfalement showing the selection of the herd for the experiment. 


Group A 

Qboup B 

Serial 

No. 

Cow 

Breed 

Live 

weight 

Advanco- 

iiieiifc 

of 

Lactation 

Milk 
yield i 

Serial 

No. 

C(jw 

Breed 

Live 

weight 

Advance- 

ment 

of 

lactation 

Milk 

yield 


No. 


IbH. 

M. 

, D. 

lbs. 


No. 


lbs. 

M. 

J). 

lbs. 

1 

997 

J Bred. 

837 

3 

29 

20*25 i 

12 

441 

i Bred. 

740 

4 

26 

20*0(1 

2 

820 

t BhhI. 

981 

2 

25 

23*40 

13 

445 

^ Bred. 

659 

2 

3 

l{)-05 

3 

AA\ 

X Bred. 

037 

3 

10 

16*40 

14 

173 

1 Bred. 

735 

3 

0 

10*30 

4 

100 

*S(;mdhi. 

.584 

3 

21 

15*15 

15 

427 

^ Bred. 

600 

1 

23 

IMo 

fj 

08 

Sciiullii. 

709 

2 

12 

19*66 

16 

77 

Scindhi. 

676 

2 

9 

18*30 

0 

no 

Sriiidlu. 

582 

1 

27 

16*70 

17 

150 

Seindbi. 

009 

2 

1 

17*25 

7 

no 

«. Bred. 1 

057 

0 

28 

22*00 

18 

117 

i Bred. 

646 

0 

22 

23-.50 

8 

120 

Nciiidlii. 

002 1 

2 

10 

1 1*35 

10 

170 

Scifidhi. 

673 

3 

13 

10*15 

9 

700 

’1 Bred. 

071 

2 

18 

35*05 

20 

417 

i Bred. 

863 

1 

20 

34*00 

10 

125 

i Bred. 

701 

1 

5 

28*35 

21 

308 

i Bred. 

836 

1 

13 

31*55 

11 

072 

i Bred. 

801 

2 

23 

25*10 

22 

372 

J Bred. 

1161 

1 

25 

20*20 


Averago 

71 11 

2 

10 

21*05 

Average 

746*0 

2 

9 

2l*(i5 


The ieii was feed (Jroii]) A twice us much sihif];e us (^roup J^, numely, 

•11 '08 u(i<l ‘J‘J'01 l]>s. per I ,('0 ) l],s. Iiv(i wei^lit respectively. Afterus1iorttime.it, 
wus foimd t hat t his (lithuMUU'c couhl !iot he muirituiued. (trou]) A would nut cut 
us mucli :i.s the ruti«)n tubh*. ulhiwt^d. Nevert heh^ss. Group A uetuully consumed 
imich mor<^ tlia,n Grouj) 15 and tims we have tin*. r<\sults of two groups on high ivud 
low Hila.g(* fetMling rcspcsdively. Uagi straw was selected us the supplement uiy 
rougliuge. ft was fed in excess and the daily consumption determined hy weigh- 
ing the residm*. 

I he concentrate, ration was based on the assumption that the animals pro- 
cured t licit* full inaintimance ration from the coarse fodilers. As these W'ere 
somewhat ]>oor in protein, each animal was given groundnut cake at the rate of 
1 '1 Jti lbs. per 1,(M>0 lbs. live weight to ensure an ample su})ply of protein for main- 
tenance. 
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The following concentrate mixture was fed for milk production : — 

Wheat brau .... 4*0 

Gram husk .... 2 5 

Groundnut cake .... 3*5 

Total . 10*0 

Half a pound of this mixture was allowed for every pound of milk produced, 
rhe mixture though bulky is not excessively so for animals yielding up to 20 lbs. of 
riilk. The amount to be fed to each cow was determined weekly on lier previous 
veek’s milk yield. Milk yields were determined at each milking, and milk analy- 
ujs were carried out on tliree consecutive days at fortnightly intervals. Tlui 
live weights of tlie animals were determined similarly on three consecutive days 
jvery fortnight. 

One cow in Group A (No. 1 10) died of pneumonia after the experiment had 
been in progress for seven we^^ks. To balance the groups the c-orrespemding cow 
in Group B (No. 150} was taken out of the ex|)erimeut. 

The following time, -table shows tlie procedure employed in feiMling : — 



A.M. 

FefMling half the day s concentrate which was 
on th(^ previous evening into biu'kets and 
night. 

w(‘ighcd out 
soake,(l over 


A.M. 

Milking. 


l-OG 

A.M. 

Fe<‘.ding half tloi day's ration of silage. 


6-(H) A.M. 

8-30 to 'I 

Silage residues removed. Hagt straw fed. 

yRngi straw removed. Animals let out in bare paddock wit h 

\) {){) 

A.IM.^ 

1 water troughs. 



1’. M. 

Animals brought in. Fe,c.ding and milking 
above. 

c.xarMy iu\ 

r,-:5() 

I’.M. 

Animals let out in bare paddock for tlie, night. 

Ex I’KPvf MENTA n Riosin/rs. 



1 . Stmplitifj und Analfjsr,s (\f Fnodsftfffs, — Sampling of foodstiilfs for mois- 
lure, de,terminalions and analyses was done daily at the time, of weighing. 'I’he. dry 
food samples were collectcMl for a Week and weekly samples sul>mitt.:d. 'J’he silagi‘ 
f^ampies were submitted daily imnuidiatrdy after c.ollec.tion. For calculation of 
«liy matter CO nsumpthin the weekly average moistuni contmrt was used in the 
case of dry fodder. For silage, the dry matter in the food and in tiie lesidue was 
<letermiued daily. 
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Table II, 


Statement showing the average dry matter 'percentage in concentrates and roughages. 


Silage 

Raffi 

straw 

Wheat 

bran 

Gram 

husk 

Groundnut 

cake 

Fed 

Residue 

Fed 

Residue 

2602 

26*63 

86*81 

81*93 

87*82 

91*68 

91*92 


The following table shows the average chemical composition of the food- 
stiilTs used : — 


Table III. 

Statement showing the chemical composition of feeds {on dry basis). 


Name of food 

Ash 

Cnido 

[ 

Fat 

Crude 

N-freo 

Organic 

protein 

fibre 

extract 

matter 

Siliigo .... 

12r.22 

7T)«!> 

2*123 

35':{42 

42-444 

87-478 

straw .... 

7-2:t7 

3 344 

1-258 

30-298 

51*863 

92-7r.3 

Groundnut cako . 

ryim 

4: >-81 3 

8-395 

8*765 

::7*25I 

94*214 

Wheat bvivn 

6*176 

in-381 

3*677 

12-160 

C2*7J7 

91*825 

(tram liuak .... 

4-776 

5-6H1 

1*013 

49-650 

3S-981 

95*22., 


The figures show that tlicso materials were all of good average (jiiality. 

Using the method employed in the Nutrition Section, the following starch 
equivalent values have been assigned to these foodstuffs : — 


Table IV. 


Starch equivalent values per 100 lbs, dry matter. 


Silage 

straw 

Groundnut cake 

Wheat bran 

Gram husk 

27*7 

i 

37*2 

76*0 

61*6 

38*1 
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2. Fo<mI Consumption , — The food consumption has been calculrtted from the 
liiily records in kilos, of dry matter per head per week. The figures are given in 
the accomj)anying table. 

Taule V. 

SUUemcnf sho^wing the meiiff consumptum of dry tmfkr pi^r Jiend in kg. 


Wwk 


Group A 


Dry matter consumed in kg. 


Group IJ 


No. 

■ 1 


Silage 

straw 

Concen- 

trates 

Total 

Silage 

Rui/t 

Straw 

Concen- 

trates 

Total 

1 

26-593 

14*320 

34*603 

74*616 

13*474 

23*482 

33-604 

70-460 

2 

23*120 

17*106 

33*468 

73*700 

12*011 

24*992 

32*692 

60-596 

3 

20*666 

16*846 

32*670 

09-081 

H-946 

21*236 

32*248 

65-430 

4 

24*230 

15-927 

31*648 

71-805 

13*628 

22-767 

31*863 

68-248 

6 

23*665 

15-324 

30*632 

09-621 

j 16*399 

21*090 

30*976 

67*471 

6 

, 23*669 

16*032 

29*924 

68 525 

' 14*463 

20-639 

30-124 

66-216 

7 

22*021 

16*822 

29*310 

07-153 

13*387 

22*441 

29*380 

66*214 

8 

26-716 

14*311 

29*229 

70-256 

16-204 

21*433 

29*687 

66*224 

9 

21*719 

17*170 

28*736 

67-030 

13-100 

22*804 

29*672 

66*670 

10 

24*633 

16*177 

27*386 

08-090 

13*648 

22-674 

29-024 

65*246 

11 

24*463 

16*712 

26*676 

00-741 

14-477 

22-874 

27-324 

64*676 

12 

24*066 

17*190 

26*692 

66-848 

14-425 

23*536 

27-218 

65*179 

13 

21*243 

16*966 

24*679 

62*788 

13-591 

21-717 

25-941 

61*249 

14 

21*317 

16*812 

23-780 

61*909 

14*122 

21-419 

26-344 

60*885 

Total 

326*916 

224-72) 

\ 

407*032 

958- 069 

192*905 

313*010 

414-793 

,920*768 


The most important point to note is that when a large excess of silage was 
fed the average animal could not consume more than 25*0 kg. (dry matter) per 
week. The average consumption under these conditions was found lo be 23*3 kg. 
(dry matter) which amounts to about 29 lbs. fresh silage daily. It should be 
noted too that this consumption can only be attained if a wasteful excess is pro- 
vided. The second point to note is that the higher silage rationing led to slightly 

C 
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higher total food consumption, the ligures being 68*5 and 66*7 for Grou^ A and B 
respectively. Thirdly, it has to be noted that the cows on the low silage ratioa 
made up for the deficiency almost completely by eating more fagi straw, the 
figures for ragi straw consiimptioas being 16*1 and 22*4 for Groups A and B res- 
pectively. Finally it has to be observed that there was a distinct fall in food 
consumption towards the end of the experiment in both groups. It is reasonabh^ 
to attribute this to a decreased appetite consequent upon a fall in the milk yield. 

TAve Weight Imrease.—Tho group average live weight for fortnightly periods 
is given in the accompanying table. 

Table VI. 

Statement showing the fortnightly live weights . 


Fortnight No. 


Initial 

1 

2 

3 

4 
6 * 

6 

7 


Group A V 

Group B 

lbs. 

lbs. 

744*4 

74r)*0 

764*1 

760*0 

778*8 

762*7 

776*8 

766*3 

784*2 

772*9 

800*0*« 

789*0* 

801*7 

791*0 

808*1 

790*4 


♦The sudden iiicroase at tho fifth woighiai' is duo to t!io Lvot that tho aniall cow from each grmip 


was removed from tho tost. 


M%lk Yields, — Tho total fortnightly yield for each group is given in tlic accom- 


panying table : — 


Table VII. 


Statement showing the fortnightly milk 7jield decline. 


Fortnight No. 

(fnoup A 

1 Group B 

Milk 

Decline 

Milk 

Decline 


lbs. 

lbs. 

lbs. 

lbs. 

1 

3156*26 


3088-76 

.... 

2 

2998*75 

157-80 

3U06-00 

82*75 

3 

2844*25 

164-60 

2873’75 

132*26 

4 

2485*60 

368*76 

2686176 

288*25 

6 

2286*26 

199*26 

2469*00 

116*60 

6 

2148*75 

139*60 

2306*50 

162*60 

7 

1859*00 

287*76 

2086400 

220*60 

Total 

17776*76 

1297*25 

18415*60 

1002*76 
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It appears from this table that Group B which received less silage, consumed 
slightly less food and made a smaller live weight inoreaso, produced somewhat 
more milk than Group A. It is quite possible that over-feeding has caused greater 
fat and flesh formation. However, the difference in milk production between the 
two groups is less than 2 per cent, of the total produce and therefore cannot be 
considered very significant. It should be mentioned here that the sudden drop 
during the fourth period is duo to the fact that one cow was eliminated from each 
group at this time. 

Fat and Protein Content of Milk. — The total fat and protein, yielded for fort- 
nightly periods have been calculated from the fortnightly fat and nitrogen 
determinations. The yields for each group are given in the accompanying table : — 


Table VIII. ^ 

Statement showing total fat and protein. 


Furtiiigilt 

No. 

Group A 

Group B 

Fat 

Protoin 

Fat 

Protoin 






lbs. 

lbs. 

lbs. 

lbs. 

I 


. 



122*41 

86*781 

117*54 

82*969 

2 


. 



116*19 

79*338 

113-60 

77*438 

3 


. 



108-04 

70*269 

107*83 

74*725 

4 


. 



102*42 

70*100 

101*66 

66*556 



. 



96*66 

64*681 

95*79 

68*800 

G 





90*40 

60*669 

96*14 

65*013 

7 


- 



78*45 

54*200 

86*92 

69*260 

Total 

• 

- 



714*63 

490*938 

719*34 

493*751 


Summing up the 
are obtained : — 


yields for the entire experimental period, the following figures 


Table IX. 


Statement showing the percentage of fat and protein. 


Group 

Milk 

Fat 

Fat 

Protoin 

Protoin 

A 

B 

lbs. 

17776*75 

18415*60 

lb». 

714-03 

710-34 

X)er cent. 
4*02 
3*90 

lbs. 

490*94 

493*75 

per cent. 
2*76 

2*68 


o 2 
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There was apparently a slightly greater milk yield from Group B, but this is 
almost exactly set ofi by slightly lower percentages of fat and protein with the 
result that the yield of milk products from the two groups is almost identical. 

Subsidiary observations. 

Table X. 

,*ikiUi7mnl shndrtg the dry matter eonsumption head per day for 1,000 lbs. body- 

weight. 


Group 

Dry matter 
consumed in 
roughages 

Dry matter 
consumed in 
concentrates 

Total dry matkr 
consumed 





lbs. 

lbs. 

lbs. 

A . . . . 

. 

. 

• 

16-8 

11*7 

27-5 

B . . . . 

. 

. 


14*8 

12*0 

26*8 

Difference . 

• 

• 

• 

1*0 

—0*3 

0-7 


The average food consumption in this experiment was good. The best 
consumption was attained by cow No. 417, Group B, which consumed 32 lbs. 
dry matter per 1,000 lbs. live weight. 


Table XI. 


Statement shomng the daily Gonsumption of dry matter per 1,0 )0 lbs. live weight for 

different breeds. 


— 

Sindhi 

Oross'breds 

No. of animals 

7 

15 

Average live weight 

656*5 

829*1 

Dry matter consumed in roughages, jwr 1,000 lbs. live 

15*6 

15*1 

weight. 



Dry matter consumed in concentrates |)er 1,000 lbs. live 

IM 

12*3 

weight. 



Total dry matter lbs. 

26*7 

27*4 


Apparent Starch Eqaivalents Required for Milk Production . — These calculations 
have been carried out according to the procedure employed in the Nutrition 
Section. The sum of the starch equivalents required for maintenance and live 
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weight increase was first calculated for each animal. Secondly, the starch 
equivalent value of the total ration consumed by each animal was calculated 
from the figures given in tables IV and V. The difference between these two 
figures evidently represents the starch equivalents utilised for milk production. 

The totals for the two groups are given in the accompanying table. 


Table Xll. 

Starch equivalents required far milk production. 


Group 

Staroh equi- 
valents 
required for 
live weight 
increase and 
maintenance 

Staroh equi- 
valenis 
consumed 
from ration 

Balance for 
total milk 
yield 

Total milk 
yield 

Staroh equi- 
valents per 
pound milk 

A . . . 

• 

6217*7 

9666*8 

3449*1 

17776-76 

0-194 

B . . . 

• 

6778*6 

9639*3 

3760*8 

18416-60 

0*204 


Mr. Warth has made the following remarks on these figures : “ The number 
of animals used and the milk yield obtained were sufficient for making a fair 
estimate. The agreement between the two sets of figures supports this view. 
The important point to note is that the apparent starch equivalents required 
for milk production are far below the accepted value which would be *25 instead 
of *20 for thi^ quality of milk. The starch equivalent values of the food-stuffs 
have therefore been seriously under-estimated in this experiment. The actual 
values given in Table IV cannot be far out. In this experiment, however, chaffed 
fodders were used and Kellner allows a considerable enhancement of starch 
equivalent values for chaffing. In the present case if the values for ragi straw 
and silage were increased from 27*7 and 37*3 to 34*0 and 44*0 respectively, 
increases which certainly do not exceed the allowances made by Kellner, the values 
obtained for milk in this experiment would come up to the accepted standard. 
There is little doubt that the economical milk production in this experiment, 
has to be attributed to chaffing. Other experiments on the subject of chaffing, 
which is probably of great importance in India, are in progress at Bangalore.*' 

Summary. 

An experiment has been carried out to test the relative merits of high and low 
silage feeding to cows in milk. Two groups of well-balanced cows wore selected. 
(Jroup A received as much silage as it could oat. The quantity worked out to 
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20*2 lbs. fresh silage per head per day. This consumption was attained by feeding 
an excess, which meant an appreciable amount of waste. Groub B on the lower 
ration consumed 17*2 lbs. a day. straw was given as a supplementary 

fodder. This was fed ad lib and the daily consumption determined. Concentrate 
was given in proportion to milk yield. The experiment showed that the cows 
receiving less silage consumed more straw, the total food consumed of the two 
groups being almost eijualisod by this circumstance. The main data are shown 
in the accompanying table. 


Per d&y per head 

Group A 

Group B 

Average food c<m8ttmption, in lbs 

21*5 

20-7 

„ live weight Incroaso, in lbs 

0-50 

0*25 

„ milk yield, in lbs. 

17-2 

17*9 

„ fat in milk, in lbs 

O-SD 

0*70 

„ protein in milk, in lbs. .... 

0*48 

0*48 


This experiment shows that silage, which is expensive to make and feed, may 
be reduced to 17 lbs. per head if necessary witliout affecting the milk yield. 

Subsidiary observations showed that milk was produced very economically in 
this experiment. Tins favourable result is attributed to the use of chaffed fodder. 
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A FEEDING EXPERIMENT TO COMPARE THE MERITS OF 
kSINGLE and mixed FODDERS. 

BY 
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Agriculture, Bangalore, 

Object of experiment. 

It is a general belief that mixing of fodders is advantageous. From a theoretical 
standpoiat this view seems to be sound. The animal gets variety and is likely to 
maintain a better appetite on that score alone. Furthermore, there is every 
likelihood that the mineral and other deficiencies of one fodder will bo balanced 
by the other fodder. The animal should be better nourished. One of the first 
indications of this improved tflicieiK y of a mixed ration should be seen in food 
consumption. If there is an appreciable benefit in feeding mixed foddexs, the con- 
sumption should be better than the mean consumption of the two foddeis fed 
separately and growth should be better. The primary object of this experiment 
was to test these points on a mixed ration of hay and ragi straw. 

Procedure. 

Twenty- one dairy heifers were selected for the work. After a preliminary 
feeding period (»f one month, during which time careful observations were made on 
the appetite and condition of each animal, they were divided into throe groups, 
three animals at a time being matched and one placed in each group. Group A 
received ragi straw, Group C Bolarum hay and Group B a mixture of these two 
fodders. To control the consumption of the mixed fodder, the hay was fed in the 
morning and the straw in the afternoon. By regulating the quantities given it 


Nam^is in alphabetical order 
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was possible to maintain roughly an equal consumption of each, while allowing 
roughage ad lib. In addition to the dry roughage fed ad lib, all the animals 
received : 


(1) Fresh Guinea grass at the rate of 3 kg. per 400 lbs. live weight. 

(2) Concentrate consisting of a mixture of equal parte of groundnut cake and 

wheat bran at the rate of 3 lbs. per 400 lbs. live weight. To this mn* 
oz. of salt was added daily. 

The Guinea grass and concentrate were fed according to a special sliding scale 
adopted by the Nutrition Section, the ration being increased with, but not at tho 
same rate as, the live weight. The live weights were determined daily and the 
rations were adjusted weekly in accordance with the average live weight for the 
previous week. The daily feeding was carried out according to the accompanying 

time-table. 


Morning. 

7-16 to 746 

Weighing. 

7-46 to 8-0 

Feeding of half the concentrate soaked overnight. 

8-0 to 8-30 

Feeding of half the Guinea grass. 

8-30 to 11-0 

Feeding of roughages. 

10-16 to 10-30 

Watering the animals. 

11-0 to 1-30 P.M. 

Heifers let off for exercise in tho paddock. 

Evening. 

1-30 to 2-0 

Watering the heifers. 

2-0 to 2-16 

Feeding tho remaining half of tho concentrate soaked in 


the morning. 

2-16 to 2-46 

Feeding the remaining half of the Guinea grass. 

246 to 6-0 

Feeding of roughages. 

4-16 to 4-30 

Watering. 

6-0 P.M. 

Calves let off in the paddock overnight. 


Samples of all foodstuffs were taken at the time of weighing ; the Guinea grass 
samples were submitted daily immediately after collection. The dry fodder 
samples were collected for one week and a weekly sample submitted. Dry matter 
determinations and chemical analyses were carried out in the laboratory of tli« 
physiological Oho mist. Tue accompanying table shows the average chemical com- 
position of the foodstuffs used. 
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TabIiB I. 

Compoaition of fodders fed to heifere during the feeding experiment. 



Asli 

Protein 

Fat 

Fibre 

Nitrogen- 

free 

extract 

7-264 

3*200 

1-256 

36*238 

52*042 

11-860 

1*863 

1*987 

37*620 

46*770 

12*643 

7*776 

2*803 

35*966 

40*813 

5*860 

49*776 

8*325 

8*829 

27*211 

4*826 

16.513 

3*579 

12 040 

63*042 


Raqi straw • 
Boiarum liay 
Guinea grass 
Groundnut oake 
Wheat bran . 


ExperimbntaIi results. 

Consumption of Coarse Fodder . — ^Table II shows the fodder consumption by each 
group. 

Table 11. 

Daily average roughage consumption of the different groups-per head in lbs. 



Group A 


Group B 


Group 0 


4 . 

0 

6 . 

7 . 

8 . 

0 . 

10 • 
11 . 
12 . 

13 . 

14 . 
Average 
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The figures are given in full to make it clear that there has been a consistent 
difference week by week. Group C has always eaten most, Group B an intermediate 
amount and Group A least. There is no doubt whatever that the animals can and 
do consume mure hay tlian r<Kji straw. Palatability might be suggested as a reason 
for ilie marked difference. The mixed ration is disappointing. It is true that the 
consumption has been more than the mean of the hay and ragi straw groups, but 
the excess over the mean is trifling and quite insignificant from a practical point 
of view. It may be noted here that the figures in this table appear more 
unfavourable than they actually are owing to the failure of one animal. This fact 
is made clear from Table III in which the average weekly consumption of each 
animal is shown. 

Table III. 


Daily average roughage con sumption of the different heifers of the three groups in lbs. 


Group A 

Group B 

Group 0 

Calf No. 

Roughage 

Calf No. 

Roughage 

Calf No 

Roughage 

831 

706 

830 

9-60 

839 

8*92 

888 

7*91 

838 

8-79 

832 

8*74 

818 

7*26 

841 

8*16 

850 

7*87 

828 

0-86 

837 

7*89 

869 

8*42 

827 

610 

82f> 

7*44 

810 

7*81 

822 

6*44 

821 

7*38 

836 

8*05 

8C0 

4-41 

844 

3-68 

848 

6*37 


It will bo noticed here that, of the last trio, the animal in Group B turned out a 
bad doer. The animal in Group A was not good either, while the animal in Group 
C did very well indeed, taking into account its age and size. The results of this 
trio have weighted the figures somewhat adverstly for the mixed ration and the 
ragi straw groups. It is clear, however, that even if this trio were omitted, the 
relative positions of the groups would not be affected nor would the position of the 
mixed ration be materially improved. It has to be admitted that a mixed ration 
has shown no advantage in the matter of food consumption. 

Total Food Conmmption,--k^ Guinea grass and concentrate were strictly 
rationed according to live weight, the variations in total food consumption are due 
entirely to the variations in coarse fodder consumption, which has already been 
discussed. Figures for the total food consumption are briefly summarised in Table 
IV. 
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Table IV. 

Daily average food consumption (in dry matter) of the different groups per head in lbs. 


— 

Roughago 

IbB. 

Guinea 

grass 

lbs. 

Concen- 

trate 

lbs. 

Total dry 
matter 
lbs. 

Remarks 

Group A . . . 

6*62 

1*04 

2*96 

11*21 

llagi straw only. 

Group B . . . 

7*58 

1-64 

2‘94 

1M6 

3*92 lbs. Bolarum hay and 
3*66 lbs. ragi straw. 

Group 0 . . . 

8*04 

1-64 

2-95 

12*62 

Bolarum hay only. 


Live Weight Increase , — The weekly group average live weights are given in the 
accompanying table. ^ 


Table V. 

WeeJdy group average live weights. 


- — 

Grou]) A 

Group B 

Grou}> C 

Remarks 

IstWeek 

462*0 

447 0 

446-0 


2nd „ 

458*0 

464-0 

462*0 


3ril ff • . 

468-0 

462-0 

469-0 


4th • • 

476-0 

469*0 

464-0 


6th f, * . 

480*0 

474*0 

470-0 


Gth „ 

486*0 

484*0 

480-0 


7th ff • • 

494-0 

488-0 

483*0 


8th ,, 

498-0 


490-0 


Gth ff • • 


497-0 

600-0 


10th ff • • 

612-0 

601*0 

604*0 


nth ,, 

616*0 

610-0 

613-0 


12th • • 

617*0 

616*0 

619*0 

One Calf ef (in>uj» A was 





sick. 

13th „ 

622*0 

520-0 

529-0 


14th M 

629-0 

627*0 

532*0 


Live weight increase 





during the whole 





period. 

77-0 

800 

86*0 
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Sniftll fluctuations may be observed, but on the whole there has been a steady 
and parallel increase in all the groups throughout the test. The increases are 77, 
80 and 86 lbs., the differences between the three groups being scarcely significant. 
The changes in live weight are also shown graphically in the following Chart. 



It is very clear from this graph that the three gtoupi increased almost identically 
during the experiment. Group 0 seems to show a tendency to increase more 
rapidly towards the end. It is impossible to say whether this tendency is signi- 
ficant. It has to be concluded that during a test of 103 days the three groups were 
very similar in live weight increase. 

Starch Equivalent Valms of the Rations.—la the accompanying table the nutritive 
effect (starch equivalent required for maintenance plus live weight increase) is 
compared with the starch equivalent values of the rations which produced this 
effect. 
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Table VI. 


Nutritive effect from live weights and starch equivalent consumption. 



1. The nutritive effect for the rcigi straw ration is more nearly represented by 
the liigher American values. In this experiment, however, tlie fodders were chaffed ; 
and if Kellner^s allowance were made for the enhanced value due to chalUiif', tin*, 
European value for the ra^i straw ration would roughly account for the observed 
nutritive effect. 

2. The standi equivalent values assigned to ragi straw and hay are seem Ut be 
relatively correct. Absolutely they are both low, probably because no allowance 
has been made for the enhanced value due to chaffing. 

Addendum by F. J. Worth. 

Some time after this trial had been completed, the writer while engaged on a 
chemical examination of ragi straw, observed that this fodder when wetted 
absorbed an exceptionally large amount of water. Tlie plienoinetion was so 
striking that it could not be overlooked, but its significance miglit easily have 
been missed if the writer Iiad not been given the privilege some months earlier of 
reading a Cambridge Diploma Thesis, by T. Y. Watson, in wnich it was shown that 
low consumption of beet pulp fodder was associated with a capacity whicli this 
fodder possessed of swelling on being wetted. 
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Accordingly the ragi straw and hay used in the feeding experiment were tested 
as follows : — 10 grams of each were wetted with 100 c* o. of water and evacuated 
repeatedly under a pump until all air was expelled. The samples were transferred 
to measuring cylinders using further 50 c.c. of wash water. The total volume 
then stood at 156 c.c. in both vessels. The fodders having been freed of air settled 
rapidly, the straw occupying a space of 90 c.c., the hay 65 c.c. only. On 
standing for a further period of four hours there was no change in these volumes. 

This experiment shows clearly that on wetting tagi straw swells very much 
more than hay, and it soem^ probable that the low consumption of fctgi straw in 
the feeding trial is connected with this property. The swelling of a material such 
as beet pulp might be expected, but that a straw should behave in this manner seems 
remarkable. This subject will receive further attention at Bangalore. 

Summary and Oonolusion. 

An experiment has been carried out to determine whether mixed roughage is 
su|)erior to single roughages. The test, was mvh on throe groups of heifers receiv- 
ing respectively straw, hay and a mixture of these two fodders. Concentrate 
and green fodder were fed to all alike. 

It was found that the hay group conmm)d more fodder than raflri straw 
group. 

The group on mixed fodder consumed scarcely more than the mean of the other 
two groups. Therefore, mixing of fodder has not yielded an appreciable advantage. 
In live weight increase during 100 days the three groups were similar, the increase 
per head being 77, 80 and 86 lbs. for the ragi straw, for the mixed ration and for 
the hay groups, respectively. 

From starch equivalent calculations it was found that the values assigned to 
ragi straw and hay are correct relatively. Absolutely, the values are low, 
probably because no allowance was made for chaffing. 

In tlie course of other work it has been observed that ragi straw swells con- 
siderably on wetting. Accordingly, the swelling of ragi straw and hay has been 
compared and it has been found that ragi straw swells very much more than hay. 
It would appear that the observed low consumption of ragi straw is related to this 
property. 
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This Centenary Meeting of the British Association is a milestone which enables 
us to look back upon a hundred years of scientific progress such as has no parallel 
in history. It brings us to a point in the advance from which we can confidently 
look forward to fundamental solutions and discoveries in the near future which 
may transform the entire field of science. In this second and greater ronaissaiice 
of the human spirit, this Association and its m^mbjrs have borne a foremost part, 
to which it would be impossible for me to do justice. I shall therefore not attempt 
to review the achievements of this century of science, but shall content myself 
with the simpler undertaking of giving a generalised composite impression of the 
present situation in science. 

I am going to ask the question : What sort of world-picture is science leading 
to 1 Is science tending towards a <lofinito scientific outlook on the universe, and 
how does it differ from the traditional outlook of commonsense ? 

The question is not without its ititorest. For our world-view is closely con* 
nected with our sense of ultimate values, our reading of the riddle of the universe, 
and of the moaning of life and of human destiny. Our scientific world-picture 
will draw its material from all the sciences. Among those, physical science will — 
in view of its revolutionary discoveries in recent years —be a most important 
source. But no less important will be the contribution of the biological sciences, 
with their clear revelation of organic structure and function as well as of organic 
evolution. Last, not least, the social and mental sciences will not only supply 
valuable material, but also especially methods of interpretation, insights into 
meanings and values, without which the perspectives of our world-picture would 
be hopelessly wrong. 
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Can we from some reunion or eympoBium of these sciences obtain a world-plc- 
ture or synoptic view of the universe, based on obseivation and calculation, whicli 
are the instruments of science, but reaching beyond the particular phenomena 
which are its immediate field to a conception of the universe as a whole ? 

That was how science began— in the attempt to find some simple substances 
or elements to which the complex world of phenomena could in the last analysis 
be reduced. The century over which we now look back, with its wonderful advances 
in the methods and technique of exact observation, has been a peiiod of speciali- 
sation or decentralisation. Have wo now reached a point where science can again 
become universal in its ultimate outlook 1 Has a scientific world-picture become 
possible ? 

Of course there can be no final picture at any one stage of culture. The can- 
vas is as large as the universe, and the moving finger of humanity itself will fill it 
in from age to age. All the advances of knowledge, all the new insights gained 
from those advances, will from time to time be blended into that picture. To the 
deeper insight of every era of our human advance there has been some such world- 
picture, however vague and faulty. It has been continually changing with the 
changing knowledge and beliefs of man. Thus, there was the world of magic and 
animism, which was followed by that of the early Nature gods. There was the 
geocentric world, which still survives in the world of commonsense. There is the 
machine or mechanistic world-view dominant since the time of Galileo and New- 
ton, and now, since the coming of Einstein, being replaced by the mathematician’s 
conception of the universe as a symbolic structure of which no mechanical model 
is possible. All these world-views have in turn obtained currency according as 
some well-defined aspect of our advancing knowledge has from time to tima been 
dominant. My object is to focus attention on the sort of world-picture which 
results from the advances of physical, biological, and mental science during the 
period covered roughly by the activities of our Association. Science arose from 
our ordinary experience and commonsense outlook. The world of commonsense is 
a world of matter, of material stuff, of real separate things and their properties 
which act on each other and cause changes in each other. ' To the various things 
observable by the senses were added the imperceptible things- -space and time, 
invisible forces, life, and the soul. Even these were not enough, and the 
supernatural was added to the natural world. The original inventory was conti- 
nually being enlarged, and thus a complex empirical world-view arose, full of latent 
contradictions, but with a solid basis of actual experience and facts behind it. 

, Speaking generally, we may say that this is substantially still the common- 
sense view of the world and the background of our common pi actical ieliefn. 
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How has science dealt with this commoiisenso empirical world-view ? The fiinda- 
niental procedure of science has been to rely on sense observation and experiment, 
and to base theory on fact. Thus the vast body of exact science arose, and all 
entities were discarded which were either inconsistent with observed facts or un- 
necessary for their strict interpretation. The atomic view of matter was estab- 
lished. Ether was given a status in the physical order which is now again being 
questioned in the light of tlie conception of space-time. New entities like energy 
emerged ; old entities like forces disappeared ; the principle of the uniformity of 
Nature was established ; the laws of motion, of conservation, and of electro^ 
magnetism were formulated ; and on their basis a closed mechanistic order of 
Nature was constructed, forming a rigid deterministic scheme. Into tliis scheme 
it has been difficult, if not impossible, to fit entities lilce life and mind ; and the 
scientific attitude lias on the wliole been to put them to a suspense account and 
await developments. As to the supernatural, science is or has been agnostic, if not 
frankly scejitical. 

Such, in very general terms, was the scientific outlook of the nineteenth cen- 
tury, which has not yet completely passed away. It will be noticed that much of 
the fundamental outlook of (rommonsense has thus survived, though clarified and 
purified by a closer accord ^\ith facts. This scientific view retained unimpaired 
and indeed stressed witli a new emphasis, the things of commonsensci. matter, time, 
and spare, as well as all matciial or ])hysical entities whicdi are (*a])able t)f obsor- 
valion or exporime: tr I verification. Nineteenth-(?entnry scueiu^e is. in fact, a sys- 
tem of purified, glorified commonsense. Its determiiiislic theory ciu’tainly gave a 
shock to the common man’s instinctive belief in fiee will; in most otlier respects 
it conformed to the outlook of commonsense. It is true tliat iU practical inven- 
tions have ])roduced the most astounding changes in our material civilisation, 
but neither in its methods nor in its world-outlook was there anything really revo- 
lutionary. 

Underneath this placid surface the seeds of the future were germinating. 
With the coming of the twentieth century fundamental changes began to set in. 
The new point of departure was reached when physical scienoti ceaseri to confine its 
attention to the things that are observed. It dug down to a deeper levifi, and below 
the things that appear to the senses it found, or invented, at th(» base of the world, 
so-called scientific; entities, not capable of direct obsc;rvation. but which are neces- 
sary to account for the facts of observation, tfhus, below molecules and atoms 
still more ultimate entities appeared ; radiations, electrons, and protons emerged as 
elements which underlie and form our world of matter. Matter itself, the time- 
honoured mother of all. practically disappeared into electrical energy. 
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‘ Tlift cloiul-cappM towors, the gorgeous palaces. 

The solemn temples, the great globe itself/* 

Yea, all the material forms of earth and sky and sea were dissolved and 
sjiiriterl away into the blue of energy. Outstanding among the men who brought 
about this transformation are two of my predecassors in this chair. Sir J. J. 
Thomson and Lord Ilutherford. Like Prospero, like Shakespeare himself, tlioy 
must be reckoned among the magicians. 

Great as was this advance, it does not stand alone. Away in the last century, 
Clerk Maxwell, following up Faraday’s theories and experiments, had formiilat(Ml 
his celebrated equations of the electromagnetic field, which applied to light no h^ss 
than to electromagnetism, and the exploration of this fruitful subject led Minkow- 
ski to the amazing discovery in 1908 that time and space were not separate things, 
but constituent elements in the deeper synthesis of space-time. Thus time is as 
inucdi of tlie essence of things as space ; it enters from the first into their existence* 
as an integral element. Time is not something extra and superadded to tilings in 
Iheir behaviour, but is integral and ba^ic to their constitution. The stuff of the^ 
world is thus envisaged as events instead of material things. 

This physical concept or insight of space-time is our first revolutionary innov- 
al ion, our first complete break with tlie old world of commonsensc. Already it 
has ])roved an instrument of amazing power in the newer physics. In the hands 
of an Einstein it has led, beyond Euclid and Newton, to the recasting of the law 
and the concept of gravitation, and to the new relativity conception of the basic* 
structure of the world. The transformation of the concept of space, owing to the* 
injection into it of time has destroyed the old passive homogeneous notion of space 
and has substituted a flexible, variable continuum, the curvatures and unevenness 
of which constitute to our senses what we call a material worVl. The new concept 
has made it ])ossible to construe matter, mass and energy as but definite measura- 
ble conditions of ciirvature in the structure of space-time. Assuming that electro- 
magnetism will eventually follow the fate of gravitation, we may say that space- 
time will then a])])ear as the scientific concept for the only physical reality in the 
universe, and that matter and energy in all their forms will have disappeared as 
independent entities, and will have become mere configurations of this space-time. 
This will probably involve an amplified concept of space-time. Einstein has recent- 
ly indicated that for further advance a modification in our space-time concept 
will become necessary, and that the additional element of direction will have to be 
incorporated into it. Whatever change may becohae necessary in our space-time 
concept, there can be no doubt about the immense possibilities it has opened up. 
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I pastj on to an oven more revolutionary recent advance of physics. The 
space-time world, however novel, however shattering to commonscnse, is not in 
ronflict with reason. Indeed, the space-time world is largely a discovery of tlie 
mathematical reiison, and is an entirely rational world. It is a world where reason, 
;is it wore, dissolves the refractoriness of the old material siibstaiKu^ and smootln‘s. 
nut into forms of space-time. Science, whudi began with empirical brute facts, 
seems to be heading for the reign of pure reason. But wait a bb. ; auotln^r fiimhi,- 
meiitiil discovery of our age has apparently taken ns beyond the, bounds of ration- 
ality. and is thus even more revolntionary than that of space-time. T rider to the 
(jiiantum theory. Max Planck’s discovery at the end of the nineteenth century, 
according to which energy is granular, consisting of discrete grains or quanta. 
The world in space-time is a contimiura ; the qnantnin action is a negation of 
continnity. Thus arises thi) contradiction, not only of commonsonse. but apparently 
also of reason itself. The (]nantnm appears to behave like a ])artii‘le. but a ])artiele 
out of space or time. Ah Sir Arthur Eddington gr«iphi(*ally ])n1s it ; a ijuantum 
of liglit is large enough to fill the lens of a hundred-inch teles(‘opi»„ but it is also 
small enough to enter an atom. It may spread like a circular wave through I lie 
universe, but when it hits its mark this cosmic wave instantane.ously conirai^ts to a 
point where it strikes with its full and undivided force. 

Space-time, therefore, does not seem to exist for the quantiini. at least not in 
its lower multiple's. Nay. more ; the very hitling of its mark presents another 
strange puzzle, which seems to defy the firinciples of causation and of the unifor- 
mity of Nature, and to take us into the realm of c.liaui'.e and probability. The 
significant thing is that this strange quantum character of the universe is not llie 
result of theory, but is an experimental fact well 'attested from several depart- 
ments of physics. In spite of the strange Puek-liko behaviour of the* quantum, we 
should not lightly conclude, with some prominent physicists, that iJie iiuiverse 
has a skeleton in its cupboard in the shape of an irrational or chaotic factor. Our 
microscopic concepts may not fit this ultra-microscopic world of the quantum. 
Our best hopes for the future are founded on the working out of a new system of 
concepts and laws suited to this new world that has swum into the ken of seieuce. 
The rapid development of wave mechanics in the last four years semns to have 
brought us within sight of this ideal, and we are beginning to discern a new kind 
of order in the microscopic elements of the world, very different from any tjrpii of 
law hitherto imagined in science, but nonethcle.i3 a rational onler capable of 
mathematical formulation. 

Wo may summarise these remarks by saying that the vastly improved technique 
of research has led to physical disvoveries in recent years which have fit last compl- 

f) 2 
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etely shattered the traditional comraonsense view of the material world. A new 
space-time world has emerged which is essentially immaterial, and in which tin* 
old-time matter, and even the scientific mass, gravitation, and energy stand for m 
independent entities, but can best be construed as configurations of space-timi* ; 
and the discovery of the quantic properties of this world points to still more radi- 
cal transformations which loom on the horizon of science. The complete recasting 
of many of our catfigories of experience and thought may ultimately be involved. 

From tJie brilliant discoveries of physical science we pass on to the advances 
in biological science which, although far less revolutionary, have been scarcely loss 
important for our world-outlook. The most important biological discovery of tlic 
last century was the great fact of organic evolution ; and for this fact the space- 
time concept has at last come to provide the necessary physical basis. It is unneces- 
sary for my purpose to canvass the claims and discuss the view's represented by 
the great names of Lamarck, Darwin, and Mendel, beyond saying that they repres 
ent a progressive advanci^ in biological discovery, the end of which has by no 
means been reached yet. Whatever doubts and differences of opinion there may 
be about the methods, the mechanism, or the causes, there is no doubt about tin* 
Tealiiy of organic evolution, wdiich is one of the most firmly established results in 
the whole range of science. Palaeontology, embryology, comparative anatomy, 
taxonomy and geographical distribid ion all combine to give the most convincing 
testimony that, throughout the history of this eartli, life has advanced genetically 
from at most a f(^w simple primitive forms to ever more numerous and highly 
specialised forms. Under the double influence of the internal genetic and tin* 
external environmental factors, life has subtly ada])ted itself to the everchanging 
situations on this planet. In the process of this evolution not only now structures 
and organs, but also new' functions and poweis liave successively appeared, culmi- 
nating in the master key of mind and in the crowning acliievement of human 
personality. To have hammered the great truth of organic evolution into tin* 
consciousness of mankind is the undying achievement of Charles Darwdii, by tin- 
side of wdiich his discovery of natural selection as the method of evolution is ol 
secondary importance. 

The acceptance of the theory of evolution has brought about a far-reaching 
change in our outlook on the universe and our sense of values. The story ol 
creation, so intimately associated w'ith the groundwork of most religions, has thus 
come to be rewritten. The unity and interconnexions of life in all its manifold 
forms have been clearly recognised, and man himself has had to come dow'ii from 
hi.H privileged position among the angels and take his proper place in the universt* 
as part of the order of Nature, Thus Darwin completes the revolution begun by 
Copernicus. 
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Space-time finds its natural comidetion in organic evolution. For in organic 
evolution the time aspect of the world finds its most authentic expression. The 
world truly becomes a process, wluirc nothing ever remains the same or is a duplicate 
of anything else, but a growing, gathering, creative stream of unique events 
rolls forever forward. 

While we recognise this intimate connexion between the conceptions of space- 
time and organic evolution, we slunild be careful not to identify the time of evolu- 
tion with that of space-time, 'riiere is a very nud ditference between tliein, 
Biological time lias dircctnm, pass(‘s from the past to the future, and is therefore 
historical. It coricsponds to the ‘ before ’ and * after ’ of our conscious experience. 
Physical time as an aspect of spai!e--time is neutral :is regards direction. It is space- 
like, and may be plus or but does not distinguish between past or future. 

It may move in either direction, backwards or foi wards, while biological time, 
like the time of experienc(‘. knows only a forward flow. Hence cosmic evolution, 
as we see it in astronomy ami })]»y sics, is mostly in an opposite direction to that 
of organic evolution. While biological time on the wliole shows a forward move- 
ment towards ever higher organisation and rising qualities throughout the gcMdogical 
ages, the process of the physical world is mostly in the opposite direction* -towards 
disorganisation, ilisintegration of more complex structures, and dissipation of 
energy. 

The second law of the thermodynamics thus marks the direction of physical 
time. While tin*, smalh‘r world of life seems on tJie whole to he on the up-grade, 
tlie larger physical universe is on the down-grade. One may say that in the 
universe we witness a majority movement and a minority moviiment upward. 
The energy wliich is being dissipati'd by tJie decay of physical stiiicture is being 
jiartly taken up and organised into life structures at any rate on this planet. 
Life and mind thus appear as products of the cosmic decline, and arise like the 
phoenix from the aslies of a universe radiating itself away. In them Nature seems 
to have discovered a secret which enables hm* to irradiate with imperishable glory 
the decay to which she seems jihysically doomed. 

Another stiiking point arises here. Organic evolution describes the specific ' 
jirocess of wliat we call life, perhaps the most mysterious phenomenon of this 
mysterious universe. When we ask what is the nature of life we are curiously 
reminded of the behaviour of the quantum referred to. 1 do not for a moment 
wish to say that the quantum is the physical basis of life, but 1 do say that in the 

* No doubt there are exorptious to this hroatl ‘^eiieralisatiou. In astronoiuy stars and solar sytltems 
and galaxies are probably still being formed, while in physics synthe.seH of elements may possibly still 
be going on. Jn the same way w'e lind in organic evolution minor pha.sc.s (if rcgressujii, degeneration, 
and parasitism. 
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quantum tlio World offers an analogy to life which is at least suggestive. 

Tlie quantum follows the all-or-nothing law and behaves as an indivisible wholn : 
HO do(is life. A part of a quantum is not something less than a quantum ; it i 
nothing or sheer nonentity ; the same holds true of life. 

Tlio quantum is pcrharps most easily symbolised as a wave or combinatio!i <»! 
waves, whieli can only exist as a comxJotc penorlioity, and tlio very concept «)t 
wliich negatives its existence as yjartial or trun(;ated. In other words, it is ;i 
Sf)ecific configuration and can only (ixist as such : the same holds true of life.. Tin* 
quantum does not fall completely within the deterministic causal scheme : the sane* 
seems true of life. 

Significant, also is tlie fact that quantum plienornena underlie secomlan 
([ualities sucli as colon r and tlic like, which the older science in its inecliajiistH*, 
sclumie ignored but which are specially associated with life and (‘onsciousm .ss. 
Jjife is not an entity, jiliysical or other. It is a type of organisation ; it is a ^q)e^‘ili( 
principle of < eritral or self-organisation. If that organisation is interfered with \vr 
a.re left, not witli bits of life, but with death. The nature of living things is 
detiwmined. not by the nature of their X)arts, but by the nature or imnei pie ot 
tlulr organisathui. In short, tlie quantum and life seem to have this in commmi. 
tJiat they both bduive as wholes. 

1 hav(^ b(‘fore now endeavoured to exjlore the concept of life in the light of ( In 
more general (‘uiuaqd of the whole. A whole is not a sum of parts, or constitute d 
by its parts. Its natun^ lii^s in its cunstitutimi more than in its x)arts. The [;iM t 
in the wiiole is no longeu; tlie same as the part in isolation. The interesting ]>oiiit 
is that while tJiis cn)nce])t of the whole applies to life, it is according to the recjeit 
physics no h*ss ax)plicable to the ultimate ])hysi(*al units. Tlius the electron within 
an atom is no longer a distinct electron. ^Phere may be separate electrons, but 
when tliey cease to be separate tliey also cease to be. TJie eight electrons wliidi 
circulate in an oxygen atom ar(‘ merged in a wliole iii such a way that they liavc 
lost their st‘])ajate identity ; and this loss of individuality has to be taken intc 
account in calculations as t<» the ])hysical beiiaviour of the atom. The [))iysicist. 
in fact, finds himsdf unable to look upon the entity which is one-eighth of eight 
ele«'trons as tlu‘ same thing as a single electron. At the very foundation, tliendoK* 
of ])hysirs, the x>*'dieiple or category of the whole apj)lies no less than in tin 
advanced stnicturi; of life, although not in the same degree. In the ultimate analysis 
of tlie world, both at the physical and the biological level, the part or unit 
element someliow becomes sliadowy and ineolunent, ami the very basis of meelianism 
is undermined. It would almost seem as if the world in its very essence is holistic, 
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and as if the notion of individual parts is a practical makeshift without final 
validity in the nature of things. 

The general trend of the recent advances in physics has thus been towards the 
recognition of the fundamental organic character of the material world. Pliysics 
and biology are beginning to look not so utterly unlike each other. liitJiei to the 
great gulf in Nature has lain between the material and the vital, between inorganh- 
matter and life. This gulf is now in process of being bridged. The new pJiysics, 
in dissolving the material world of commonsense and discovering the lirnw struc- 
ture of Physical Nature, has at the same time disclosed ceitain fundamental 
features which it has in common with the organic world. StulMike ontititvs liavc, 
disappeared and have been replaced by space-time configurations, the very nature 
of which depends on their principle of organisation. This principle, whiifii I }iav (5 
ventured to call holism, appears to be at bottom identicalVitli that whi(;h peu vades 
the organic structures of the world of life. The (piantum and spacc-tijin) have, 
brought physics closer to biology. As I have pointed out the (piantum anticipates 
some of the fundamental characters of life, while spaeii-time forms the jihysical 
basis for organic evolution. Physics and biology are thus recognised as r(‘specl/ively 
simpler and more advanced forms of the same fundamental pattijrn in world 
structure. 

The older mechanistic conception of Nature, the picture of Nature as consist- 
ing of fixed material particles, iimchanically interacting witli each other aln^ady 
ludoly shaken by the relativity theory — is now b(fing modilii^d by the <piantuni 
physics. The attack on mechanism, thus coming fnua physical sci»ui(j(j ils(ilf, is 
therefore all the more deadly. Even in physics, organisation is bijceming more 
important than the somewhat nebulous entities which enter into matter. lnt(ir- 
actioii is more and more recognised to bo not so much mijclianical as organic or 
holistic, the whole in some respects dominating not only the functioning but also 
the very existence of tlie entities forming it. The emergeiico of this organic; vii^w 
of Nature from the domain of physics itself is thufl a matter of first-rate iniportauec;, 
and must have very far-reaching repercussions for our eventual world-view. 

The nature of the organic whole in, however, much more; clearly nn-ognised iu ' 
its proper sphere of biology, and especially in the rapidly advancing scicmci; of 
lihysiology. Here, too, the correct view has bcien miudi obscured by tie; invasion of 
meclianistic ideas from the pliysics of the nineteenth (Huitury. A crude mal iuialisni 
all but swamped biology for more than a generation. At the Belfast mec^iing of 
tlui British Association in 1874, a famous predecessor of mine gave; unrestrairuid 
expression tu this materialistic creed. All that is passing, if nut already past. It 
must be admitted that iiji to a poiut meclianisin lias been useful as a liist approxi- 
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mation and fruitful as a convention for research purposes. But if even in physic .s 
it has lost its savour, o fortiori has it become out of place in biology. The -partial 
truth of mecdianism is always subtended by the deeper truth of organicity or 
holism. So far from biology being forced into a physical mould, the p(>sition will 
in future be revei.«»ed. Physics will look to biology and even to psychology for 
Jiints, ciiicB, and suggestions. In biology and psychology it will see principles at 
Work in llM‘ir full maturity which can only be faintly and Htfully re.cognised in 
physics. In this way tlu^ exchangers of physic/s, biology, and psychology will 
become fruitful tor tlie science of the future, aiul lay the basis for a new scicuitilic 
monism. 

A living individual is a physiological whole, in which the ])arts or organs air 
but diflcrejitiations of this whole for purpe^ses of greater elliciency, and remain in 
organic continuity tliroughout. They are parts of the individual, and not inde])en- 
dent or self-contained units W'hich compose the individual. It is only this comu j)- 
tion of the individual as a dynamic organic whohi wliicli will make intelligible tin* 
extraordinary unity wdiich characterises the multiplicity of functions iti a!i orgn 
nism, the mobile, ever-changing balance and intcrdepcndeiu’e of the niiimwous 
regulatory processes in it, as wudi us the operation of all the meclianisms by wliicli 
organic evolution is brought abcait. This (*onc, option applies not only to indivi- 
duals, but also to organic societies, such as a beehive or an ant’s m^st, and even to 
social organisations on tlie human level. 

As the concei)t of space-time destroys the, purely spatial character of tilings, 
so the concept of the organic wliole must also be extendetl beyond tlie spatial limits 
of the organism so as to include its interaction with its environment. The stimuli 
and responses which render them mutually interdependent constitute them one 
Vvhole wiiicli thus transcends purely sjiatial aspects. It is this overflow of organic 
wholes beyond their apparent spatial limits wiiich binds all Nature together and 
prevents it from being a mere assemblage of separate interacting units. 

It is time, however, that w^e pass on to the Avoiid of mind. From matter, es 
how transformed by space-time and the quantum we pass step by step through 
organic nature to conscious mind. Gone is the time Avhen Descartes could divide 
the w 01 Id into only two substances : extended substance or matter, and thinking 
substance or mind. Tliere is a whole wwld of giadations between these two limits. 
On Descartes’ false dichotomy the separate provinces of modern science and 
philosophy w^ere demarcated. But it is as dead as the epicycles of Ptolemy, and 
ultimately the Cartesian frontiers between physics and philosophy must largeb 
disappear, and philosophy onco more become meiaphysic in the original sense. In 
the meantime, under its harmful influence, tlie paths of matter and mind, of science 
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and philosophy, were made to diverge fartlior and farther, so that only the revolu- 
tion ilow taking place in thought could bring them together again. I believe,, 
however, their reunion is coming fast. We have seen niatt(*r and Ufe indelbiitely 
approaching each other in the ultlniaie constituents of the world. We have seen 
that matter is fundamentally a configuration or orgafiisation of sp:icc-time ; and 
wo have seen that life is a principle <d’ organisation wluMeby the space-t.ini(‘ patterns 
are arranged into organic unities. The next step is to show that mind is an (‘ven 
more potent emhodimeut of the organising whole-making prin('i|)l('., and t hat this 
emhodiment has found expression in a rising scuies, whi<*h l)(‘gins j)raet ically on the 
lowest levels of life, and rises ultimately to the eouseioiis mind which ahme 
Descartes had in view in his classification. I have no time to follow up the. matter 
liere beyond making a few remarks. 

Mind is admittedly an artive. ( onative. organising prineiple. Tt is for 
busy constructing new patterns cf things, tlnuights, or prin(‘ij)les out of tln^ material 
of its experience. Mind, even more than life, is a j)rin('iple. of whoh^-makiiig. It 
dilferentiates, discriminates and selects from its vague ex|)(‘ri(‘nce. and fashions ami 
correlates the resulting features into more or lessstabl(^ en<lnring wimles. Beginiiijig 
as mere blind tropisms, reflexes, and conditioned retlexiss. min<l in organic, Na.t ure 
has advanced step by step in its creative march until in nnui it lias hecoiiui 
Nature’s supreme organ of understanding, endeavour, and cont rol not merely a 
subjective linmaii organ, but Nature s own power of se.lf-illumiiiaticm and s(df- 
mastcry : ‘‘The eye with which the universe belndds itself ami knovvs it-S(df 
divine.'’ 

The free crcativencss of mind is possible because, a.s we hav(^ scmui, the, world 
ultimately consists, ricjt of material stutT, but of patterns, of organisation, the evolu- 
tion of which involves no absolute creation of an alien world (d maltuial from 
nothing. The purely structural chara(;ter of reality thus helps to ismder possible 
and intelligible the free creativeness of life and mind, and attcoiints for the un- 
limited wealth of fresh patterns which mind freely (ueates on the basis of the 
existing physical patterns. 

The highest reach of this creative process is seen in tin* r(*,alm ol values which 
is the product of the human mind. (Ireat as is the physical universji which ( on- 
fronts us as a given fact, no less great i.j our rt‘ading and evahjatif)n of it in tho 
World of values, as seen in language, literature, cultur<^ civilization, society and 
the State, law, architecture, art, scieiuie, morals, and r;,Tigion. Without this re- 
velation of inner meaning and significance the external |)hysical uiiivease would be 
but an immense empty shell or crumpled surface. The, brute (act- here receives its 
meaning, and a new world arises which gives to Nature whatever sigailicauce it 
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Las. Ab against the physical confifiuratioDB of Natu/e we stc heie the ideal 
patterns or wholes freely created by the hnnian spirits as a home and an environ, 
ment for itself. 

Among the human values thus created science ranks with art and religion. 
In its selfless pursuit of truth, in its vision of order and beauty, it partakes of tlie 
q\jality of both. More and more it is beginning to make a profound aesthetic and 
religious appeal to thinking people. Indeed, it may fairly be said that science is 
perhaps the clearest revelation of God to our age. Science is at last coming into 
its own as one of the supreme goods of the human race. 

While religion, art, and science are still separate values, they may not alway.s 
remain such. Indeed, one of the greatest tasks before the human race will be to 
link up science witJi ethicial values, and thus to remove grave dangers threatening 
our future. A serious lag has already developed between oiir rapid scientilic 
advance and our stationary ethical development, a lag which has already found 
expression In the greatest tragedy of history. Science must itself help to close 
this dangerous gap in our advance which threatens the disruption of our civilisa- 
li(m and the decay of our species. Its final and perhaps most difficult task may b(‘. 
found just here. Science may be destiifed to become the most effective drive 
towards ethical values, and in that way to render its most priceless human service. 
In saying this 1 am going beyond the scope of science as at present understood 
but the conception of science itself is bound to be affected by its eventual Integra ^ 
tion witJi the other great values. 

I have now finished ray rapid and necessarily superficial survey of the more 
prominent recent tendeucicvS in science, and I proceed to summarise the results aud 
draw my conclusions, in so far as they bear on our world-picture. 

In the first place we have seen that in the ultimate physical analysis, science 
reaches a microscopic world of scientific entities, very different in character and 
behaviour from tire macroscopic world of matter, space, and time. Tire world of 
atoms, electrons, protons, radiations and <pianta does not seem to be in space-time 
or to conform to natural law in the ordinary sense. The behaviour of these entities 
cannot be understood without the most abstruse mathematics or, apparently, 
without resort to epistemological considerations. We seem to liave passed beyond the 
definitely physical world into a twilight wlierc prophysics and metaphysics meet, 
where sjmee-time does not exist, and where strictly causal law in the old sense docs 
iu)t upply. From this unceitain nebulous underworld there seems to crystallise out 
or literally to materialise, the macroscopic world which is the proper sphere of 
sensuous observacion and of natural laws. The pre-material entities or units con- 
dense and cohere into constellations, which increase in size and structure until they 
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I oacli the macroscopic stage of observation. As the macroscopic entities emerge, 
their spilcc-time field and appropriate natural laws (mostly of a statihtical charac- 
ter) einerge pori jmssu. We seem to pass from one level to aiiothcL' in the evolu- 
tion of the universe, with different units, different boliaviours, and calling for 
cliffcient concepts and laws. Similarly, wo rise to new levels as later on we ])ass 
from the physical to the biological level, and again from the latter to the level of 
conscious mind. But and this is cho signilicanb fact -all tluise levels are genetically 
related and form an evolutionary series ; and underlying the difl'erences of the 
Kiic<‘cssive levels, tlu^re remains a fundamental unity of plant or organisation which 
binds them together as members of a genetic series as a growing, evolving, creative 
universe. 

I n the second ])Iace, let iiH se<i how commonsense deals with this macroscopi<; 
\v(»rl(l. On this slage common scuise recognises tliree*^ levels of matter, lile, an< I 
mind s,s together composing the world. P»ut it places them so far apart, and nuilces 
tlumi so inherently diiVer(uit from each other, that reJations between them ap[)e.ar 
unint(‘lligibJe. if ]iot im[)(;Ksil)le. The comnionscuise notions of matter, life, and 
jiiind make any relati oils betw(^en them, as well as the world which they hum, an 
insoluble puzzle. The older science tlierefore attempted Up reduce life substantially 
to terms of matter, and to put a (question mark behind mind ; and tlie result was a 
])redominantly materialistic, view of the world. The si)aee-time relativity eonciipt 
of tlui world has overcome the (liificnlty by destroying the old concept of matter, 
and reducing it from a s(df-subsistent entity to a configuration of H2)ace-tinni — in 
oilier words, to a special organisation of the basic world-structure. If matter i:? 
essiuitially immaterial structure or organisation, it cannot fundamentally be so 
dilTtuent from organism or life, which is best envisaged us a principle of organisa- 
tion ; or from mind, wliicii is an active organiser. 

Matter, life, and mind thus translat(*, roughly into organisation, organism, or- 
ganiser. The all-oT-none law' of the quantum, which also applies to life and mind, 
is unotluvr indication that matter, life, and mind may Ixi but different stages or 
hivel:5 of tlie Siime. activity in the world which I have associatiid with tlnj pervading 
featiirf! of whoh^-making. Materialism lias thus gone by the board, and tlu^ unin- 
telligible trinity or common sense (matter, life, mind) has been reinterpreted and 
transformed and put on tluj way to a new monism. 

In the third jdace, the iron determinat i»m of the, olde,r science, so contrary to 
direct Imman cx])ericnce, so destructive of the free activity of life aud mind, as well 
as subversive of the moral responsibility of the individual, has also been materially 
recast. It was dm? to tlie New'tonian causal scheme whicii, as I have indicated, has 
been profoundly shaken by recent developments. Ilelativity reduces substance to 
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configuration or patterns, wliile quantum physics gives definite indications of 
iudctermiiiism in Nature. In any case, life through the ages shows clearly a crea- 
tive* iulvance to vvw ino.e complex organisation, and ever higher qualities, while, 
mind is responsibh; for the creation of a whole realm of values. We are thus justi- 
fied in stressing, along with natural necessity, an increasing measure of freedom 
and creativem‘ss in tlie world, sidlicient at least to account for organic evolution 
and for the appt^aiance of moia.1 law and endeavour. 

Tins liberation of life and s|)irit from the iron rule of necessity is one of the. 
giM^alest gains from the rec(mt seie.ntifie advafic(*s. Nature is not a closed physical 
circle, but lias left the door open to the emergence of life and mind ami the devclo])- 
jmmt of human personality. It has. in its open ilexible physical patterns, laid the 
foundation and established the environment for the coming of life and mind. The 
view, to which Huxley once gave such eloquent and poignant expression, of a 
dualism implanted in the heart of Nature, of a deadly struggle between cosmic, law 
and moral law. is no longer justilied by the subseejuent atlv"an(*es of science. 

Jn the fourth place, luiwever. another dualism of a wider reach has appeared, 
which makes till* universe itself appear to be a house divided against itself. For 
wliile the stream of physical tendency througliont the universe is on the whole down- 
ward, toward disintegration and ilissip.ation. the organic movement on this planet 
at least, is upward, and lif(^ structures arc on the whole becoming more complex 
throughout the course of organa^ evolution. From the viewpoint of physics, life 
and mind arc thus singular and e.xceptional phenorm*na, not in lino with the move- 
ment of the universe as a whole. Ki^ceiit astronomical theory has come to streng- 
then this view of Hie as an e.xeeptional ft‘ature olT the* main tra(*,k of the universe. 
For the origin of our jilanetary system i^ attriiiutad to au unusual accident and 
planets such as ours with a favourable environmimt for life are taken to be rare 
ill tlie universe. Pcrhajis wc. miv even sav that at the present epoch there is no 
otJuT globe where life is at the level manifested on tht3 earth. Our origin is thus 
accidental, our position is exceptional, and our late is sealed, with the inevitable 
running down of the .solar system. Life and mind, instead of being the natural 
lloweri ng of the universe, are thus reduced to a very casual and inferior status in 
the cosmi(‘ order. A new' meaning and a far deeper poignancy are given to Shake- 
speare's immoital lines : 

•• We are such stuff 

As drtnrms are made of ; and our little life 

Is roundcMl w’itli a sleep.’' 

According to astronoinv, life is indeed a lonely and pathetic thing in this phy- 
sical universe a transient and embarrassed phantom in au alien, if not hostile, 
universe. 
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Such are some of the depressiupf speculations of recent astronomical theory. 
But in some respects they have already been discounted in the fort;going. For oven 
if life be merely a terrestrial phenomenon, it is by no means in aii alien environment 
if, as we have reason to think, this is an essentially organic universe. In its 
organic aspects the universe is on the way to life and mind, even if the goal has 
been actually reached at only one insignificant ])oint in the universe. The potencies 
of the universe are fundamentally of the same order as its actualities. Thi) universe 
might say, in the words of Rabbi Ben Ezra : — 

“ All I could ne.ver bf3 
All man ignored in me, 

This I was worth to God.’’ 

Then again, the very possibility of perception of knowledge arul S(uence, de- 
pends, on an intimate relation between mind a»i<l the physh'al universe. Only thus 
<‘an the cencepts of mind (H)me- to Ix^ a measure bu' the facts of the iiniverSis and 
the laws of Nature come to be revea.led and interpreted by Nature’s own organ of 
the human mind. Besides science we havt^ other forms of this inner relation 
between the mind and tlie universe, such as poetry, music, art. and religion. The 
human sjnrit is not a pathetic wandtiring phantom of the universe, but is at home, 
and meets with spiritual hospitality and response e.verywhere. Our deepest 
thoughts and (‘motions and (mdeavoiirs are but respons(^s lo stimuli whicli eom(‘ to 
us. not from an alien, but from an (%sentially fricuidly and kindiaal imiv(‘rse. So 
far from the cosmic status of life and mind being degra(l('(| by th(‘ newer astronomy 
and ])hysics. 1 would suggest an alternative interpr(‘tatio?i of tin* facts, nnn‘(^ in 
accord with tln^ trend of evolutioiuiry scienc(‘. hav(‘ stnui a macrosco])!*- uni- 

verse born or revealed to censciousjn^ss out of a prior microscopic* order of a very 
different character. An* we not . in tlie emergence of lib* and mind, witnessing th(* 
birth or revelation of a tiew world out of the macroscopic physical univ(*rs(*, ( I 
suggest that at the present cosmic epoch we an*, the spectatois of wliat is p(*rhapR 
the grandest event in the immeasurable history of our univ(U’S(\ and that we miisl- 
interpret the present phase of the univeu'se as a motinu’ and cliild iiniv(*rse, still 
joined together by a placcmta which science, in its divorce from tJu*. oth(*r gre^at 
values, has hithcu’to failed to unravel. 

Piecing together these clues and conclusions, wci ar^iv(^ at a woi'ld-f)i(’tnr(* full(*r 
of mystery than (*ver. In a way it is closer to common s(*nse and kimhu* lo human 
nature than was the science of the nineteenth century. Materialism has practi- 
cally disappeared, and the despotic rule of n(*cessitv has l)(‘eii grtritly relaxi*d. In 
ever-varying degree the universe is organic and fiolisti(* througli and through. 
Not only organic concepts, but als(K and even more «o. psychological vi(*Av points 
are becoming necessary t.> elucidate the facts of .science ; and while tlui purely 
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human concepts, such as emotion and value, purpose and will, do not apply in 
the natural sciences, they retain their unimpaired force in the human sciences. 
The ancient spiritual goods and heirlooms of our race need not be ruthlessly 
scrapped. The great values and ideals retain their unfading glory and derive new 
interest and force from a cosmic setting. 

In other respects it is a strange new universe, impalpable, immaterial, consist- 
ing not of material or stuff, but of organisation, of patterns or wholes which ar(» 
unceasingly being woven to more complex or to simpler designs. In the larg(‘ it 
appears to be a decaying, simplifying universe which attained to its perfection of 
organisation in the far-distant past and is now regressing to simpler forms™ per- 
haps for good, perhaps only to restart another cycle of organisation. But inside 
this cosmic process of decline we notice a smaller but far more significant move- 
ment, a streaming, protoplasmic tendency; an embryonic infant world emerging, 
throbbing with passionale life, and striving towards rational and spiritual self- 
realisation. We se.^ the mysterious creative rise of the higher out of the h)Wer. 
the more from the less, the picture within its framework, the spiritual kernel inside 
the ])honomenal integuments of the universe. Instead of the animistic, or the 
mechanistic, or the mathematical universe, we see the genetic, organic, lu)listic 
uiiiversf*, in which the decline of the earlier physical patterns provides the opportu- 
nity for the emergence of the more advanced vital and rational patterns. 

In this liolistic universe man is in very truth the offspring of the stai s. The 
world consists not only of electorns a)id radiations, but also of souls and as])ira- 
tioris. Beauty and holiness are as much aspects of Nature as energy and entropy. 
Thus • in eternal linos to time it grows An adequate w’ortd-view w^ould find 
tin in all in their proper context in the framework (d the whole ; and (ivolution is 
p('i haps th(‘ only way of apy)roach to the framing of a consi^'tent world- picture 
which w ould do justice to the immensity, the profundity, and the unutterabl(^ 
inysteiy of the universe. 

Such in vague outline is the world-picture to which science seems to me to be 
pointing. We may not all agree with my rendering of it. which indeed does not 
claim to be more than a mere sketch. Even if it were generally accepted \ve 
have still to bear in mind that the w'orld-picture of to-morrow will in all probability 
be verv different from anv which could be ske^tched to-dav. 



SCIENTIFIC Si^STEM OF RATIONING FAR^I CATTLE AS 
AVELL AS SIJGGESTCONS TO EFFECT niETil 
IMPROVEMENT. 


BY 

A. K. B. CAZT, B.An., B.S(\ (Khtn.), N.D.D.. T).r.(L F.U.ir.S. (London). 

(Kejiriiitod from Iho Piinm Aiji'icidf ttra! Cnllec/c M fif zhir, \ ol. NXITT, Nfo. I.) 

'*No luiinaii oapncity over yot saw the wlaile uf a lliini;, ln»t wo may hoo mnro and iiidto of it, tin* 
onpor wo look.’* ^ 

— RlJSKrM. 

Tliis is in continiiJifion of tho wnt(*r*s arti<*lo* on ‘‘ Foodinj:' of Farm Cattle in 
‘oona Agricultural College Magazine, Vol. XXTL No. 2. Se]>t(^mlR^r 10*^0, wIkututi it 
as btMUi pointed out that there are. in the main, four dilhueut ways by which 
l onomies in tlie cost of feeding can be effecte<l, viz . — 

(1) Feeding the animal on well balanced ration. 

(2) Purchasing the cheapest buitable food. 

(B) Reduedng the cost of prod lud ion of home-grown food. 

(4) F.volving strains of animals of better yiedd or priKluction by selection and 
breeding. 

Fekdtno the animal on a well balanced ration. 

This has been discussed at length in the writer’s artiele mentioned above. But 
ince the date of writing that artiede, the writer has been abh^ to compute still 
•implof forniuliC, whicli are tabulated as under, for the benefit of live stock farm^'.rs. 
* in iliiM Jounial, Vnl. I, Part Ilf, May, 10.11. 
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The above table shows thd amount of daily ration to bo given to each of the 
^ animals of different weights and under different state and degree of production 
except to those that are not yet weaned. Its use renders the construction of a 
l ation as simple as iiossible, eliminating at the same time the necessity of commit- 
ting to memory a great many figures otherwise, and give figures of starch equi- 
valents, digestible proteins and dry matter which correspond fairly approximately 
to those required by the most up-to-date and scientific standards. 

In order, however, that we should be able to follow this method, it is necessary 
to know the starch equivalents and digestible proteins of the common foodstuffs 
used in India ; but unfortunately these have not been determined for Indian food- 
stuffs under Indian conditions through actual feeding experiments to any appreci- 
able extent if at all. In the absence of these data, the next best thing that we can 
do would be to (lompute the figures from chemicial flnalysis of foodstuffs. In 
doing so, let it be assured we shall not be erring to any apprec iable c^xtemt. Small 
deviations that may occur from the normal requirements should not matter at all, 
because no method is known or likely to be evolved that will go to eliminate the 
possibility of occurrence of deviation. Rut here too we come across with diffi- 
culties, bt3cause computation is not possible unless we know the digestibility 
of feeding stuffs. Coefficients of digestion are, however, not worked out in 
India, at least in a way that we might make use of them in computing figures 
for starch equivalents. After considering every thing, therefore, the 
most feasible course that lies before us at present is to adopt for common 
f(M,ding stuffs used in this country either Kellner’s figun^s of t^farch cqui- 
Videnffi or Annoy ’s figures of net energu fherms. Both tliese figures are 0 (|ually good 
but in ord(;r to be able to derive benefit of tlie writer s computed formulae as given 
in the above table, the writer suggests the use of Kelluor’s standard of starch 
c,(juiva](mts. No doubt there would be certain foodstuffs for which figures of 
starch ecjuivalents are not available, but if, however, in plaee of starcJi equivalents 
figures for net energy therms can be had, it will not make any dilbirenc'e in the 
way of (ionstruetion of a ration by Kellner's standard ; because net energy therms 
can be turned into starch equivalents by multiplying the former by 1/G7. Tip*, 
general composition of bieds of foreign countries where the systtuii based on starch 
e(piivaleni& or net oiuirgy therms is widely adopted, is sonunvliat different from 
that of thvi feeds of this country, as a number of those used in this country are 
not used in those foreign countries. Jowar kadhi which forms usually a constant 
])art of animal ration in the Deccan may be cited as an example. JUit for such 
foodstuffs we shall not be erring to any appreciable extent if we assign such figures 
for starch equivalents as are possessed by kindred foodstuffs. 


E 
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There are two very obvious advantages of following the system of rationing by 
starch equivalents or net energy therms. In the first place, the standard could 
bo expressed in a single figure, instead of three figures, one for protein, one for fat. 
and one for carbohydrate. Secondly the figure is also a net figure directly related 
to the result it may be expected to produce. No doubt, a standard based on total 
nutrients could also bo expressed in a single figure but it represents the total 
gross digestible energy, so that while it may be more accurate while calculating 
the maintenance part of a ration, it fails to show in a definite manner any cor- 
relation with the amount of production. 

Ratio of starch equivalents to digestible proteins : — For an ordinary animal of a 
herd of dairy cattle ratio of S.E. to D.P. is as follows : — 

1. For an ammal on maintenance ration : 


Live weight 

Ratio 

800 lbs. 

9-4 

900 „ 

9-7 

1000 „ 

10-0 

1100 „ 

10-4 

1200 „ 

10-9 


2. Ration for milk production has a ratio of 5. 

3. Ration for maintenance plus production. 

If wo tako an ordinary animal of a herd of dairy cattle, say weighing 1000 lbs. 

Lw, the ratio would bo under varying quantities of milk of 4 per cent, butter fat, as 
under 


yield in lbs. 

Ratio 

8 

80 

10 

7*7 

12 

7-5 

14 

7-3 

10 

7-1 

18 

7-0 

20 

6-9 

30 

6-9 
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From the above it is obvious that (a) uuloss variation in the live weight of 
animals is rather groat — say above 200 lbs.— there is practically no appreciable 
difference between the ratios of 8.B. to D.P. of a maiiitonance ration. (6) The 
ratio for ration for milk production is a constant figure, viz,, 5, which goes to 
reduce still further the difference between such ratios, on account of differonoes 
in live weights and that (c) provided the difference in milk yield is indeed very 
great, the ratio remains more or less constant. 

Taking the above facts into consideration and making use of the formulae 
given in the above table, we can proceed to adjust a ration for any animal in the 
following manner : — 

(1) Leaving out of count young suckling animals, divide the rest of the dairy 
animals into two groups —(a) a group of non-producers, which are still but young 
heifers and (6) a group of milk yiolders. 

(2) Determine the live weights of individual animals and further divide them 
into sub-groups on the basis of live weights so that the maximum difference that 
may be allowed between the two extreme individuals of a group does not exceed 

200 lbs. 

(3) De>termine the amount of individual production and still further sub-group 
them on the basis of milk yield, so that the maximum difference that may be 
allowel between the two extreme individuals of a sub-group should not exceed 10 
lbs. On an usual sort of a dairy concern where the individuals belong to more or 
leu the same brood, sub-grouping will not be necessary except the preliminary 
grouping into two lots, viz,, one of non-producers and another of producers. 

(d) Apportion per animal dry fodd<ir and succulents that may bo available on 
the farm. As a rule an animal in the group of high producers should have rou- 
ghages apportioned to it in less quantities than an animal in the group of low 
producers ; while animals in the same group should get these in equal propor- 
tions. Starch equivalents of a maintenance part of a ration should be made up 
as far as possible of roughages, because the standard for maintenance has been 
based by feeding roughages, which, besides providing the not matabolisable energy 
as expressed by their starch equivalents, also produce a certain amount of lieat 
wliich the animal can utilise for warming the body, food and water, which would 
otherwise have to bo warmed at the expense of starch equivalents if no extra heat 
is generated. If concentrates are used as a source of energy for maintenance, 
starch equivalents are, in fact, required to be given in larger quantities than are 
generally advocated by the standard, because these do not generate much heat 
while undergoing the process of mastication and digestion. Hence concentrates 
as a ration for maintenance are less economical to use than roughages. However, 

E 2 
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economy in the ration of each individual animal does not necessarily mean that 
it will also effect economy on the whole. The following procedure in apportioning 
dry fodder will make it very convenient to adjust the ration on the whole accord^ 
ing to the standard. 

(a) Find out the S. E. for maintenance of an animal whose live weight is least 
in a group and multiply it This will give the maximum amount 

of dry fodder for this animal, and this will be well under maximum requirement 
of dry fodder for the rest of the animals in the group. 

(6) Find out also the S. E. for maintenance of an animal whose live weight 
is highest in the same group and multiply it by • This will give the 

minimum amount of dry fodder for this animal and this will be iV'ell above the 
minimum requirement of dry fodder for the rest of the animals in the group. 

On a farm where the object of keeping cattle is the utilisation of straw and 
other surplus farm products, live stock enterprise being subsidiary industry, ap- 
portionment of dry fodder should be nearer this maximum. But where the live 
stock enterprise constitutes the main industry, apportionment should be nearer the 
minimum so that the live stock carrying capacity of the farm is increased to its 
maximum. When the apportionment of dry fodder is within these two limits, 
there will be no difficulty in adjusting ration for total individual production in 
respect to total quantity of dry matter, as the latter will automatically adjust it- 
self so as to remain within these two limits. 

(5) Find out the total amount of S. E. and D. P. that will be required for an 
animal of the group whose live weight is the least. Also find out the number of 
lbs. of S. E. and I). P. contained in the ap|)ortioned roughages and succulents. 
Deduct the latter figures from the former. This will give you the amount of defi- 
cit S. E. and deficit D. P. Find out the ratio of deficit 8. E. to deficit D. P. 

(()) Make up the deficit by addition of concentrates. Addition of any coiu- 
contrate whose ratio of 8. E. to D. P. corresponds to that in the deficit will exa- 
ctly balance D. P. if sufficient quantity is given to make up the deficit of 8. E. 
But a single foodstuff of this ratio is not always easy to find, and even if it is 
available, may not necessarily be the cheapest or most suitable. Besides, it is 
inadvisable to use only one kind of concentrate food as its proteins may not con- 
tain all the requisite types of amino compounds. We should aim at giving at least 
two kinds of concentrated foodstuffs. The proportion in each of these foodstuffs 
should be such that the combined ratio of their S. E. to D. P. should correspond 
tet, that in the deficit. Combination for this purpose is only possible when one of 
the foodstuffs has narrower and the other wider ratio when compared to the ratio 
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in tiie deficit. Hence select d cheapest and most suitable foodstuff amongst 
those foodstuffs whose ratios of S. E. to D. P. are narrower and another cheapest 
and most suitable among those whose ratios are wider than the similar ratio iit 
the deficit. The former may be selected from oil cakes and the latter from chmu 
or grain bye-products. Suppose A and B are two such foodstuffs, x is the 
ratio, of S. E. to D. P., ?/, the number of parts A should be taken for every part 
of B to obtain x ratio. S. E. the number of lbs. of starch (Hjuivalents per 100 lbs. 
of a foodstuff and 0. P., the number of lbs. of digestible proteins per 1(K) lbs. 4»f 
a foodstuff, then the value of // which is an unknown (Quantity can be determined 
by the following formula 


xxD. P. of B~S. E. of B. 

S. E.of A— a:xD. P. of A.‘ ^ 

After knowing the value of // you will then be in a position to determine the 
S. E. and D. P. per 100 lbs. of the mixture thus : 

S. E. per 100 lbs. of the mixture 
__ .yxS. E. per 100 lbs. of A + S. E. per 100 lbs. of B 

y+1 

n. P. per 100 lbs. of the mixture 

_ yxD. P. per 100 lbs. of A + D. P. per 100 lbs. of B 

It is, hoAvever. even much better, provided it is not going to affect the economy, 
to give as many more foodstuffs as possible instead of only two. Under these 
circumstances divide the foodstuffs into two groups one group of narrower ratio 
and the other of wider ratio than the ratio of the deficit. Combine the foodstuffs 
in eacli gnuip in whatever proportion you deem most suitabh and finrl out the S. E. 
and D. P. per lOi) lbs. of the mixture of eacli group. These two mixtures may 
then be treated as two different foodstuffs so that the projiortion in wlindi they' 
sliould be combined to give a ratio of S. E. to D. P. (corresponding to similar ratio 
in the deficit, as well as lbs. S. Es. and D. Ps. per 10:) lbs. of tin? final mixture 
can be determined precisely in the same way as is done in the case when the pro- 
portion of only two foodstuffs is adjusted. 

Examiile . — The ratio of deficit S. E. to deficit U. P. is S. There*, are four c*on- 
centrated foodstuffs selected— two (A & B) v\ith narrower ratio and the other 
two (0 & 1>) with wider ratio than 8. the ratio of the deficit. The S. E. and D. P. 
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per 100 lbs. and the ratios of S. E. to D. P. of these foodstuffs, as well as the pro- 
portion in which these are combined are as under : — 


Group 

Foodstuff 

S. E. per 
100 lbs. 

D. P. per 
100 lbs. 

Ratio of 

8. E. to 

D. P. 

Proportion in 
parts in 
which they aiv 
mixed 

With ratio narrower than \ 
8. (. 

A 

40 

10 

4 

1 



10 



B 

GO 

6 

4 

c 

C 

64 

6 

9 

2 

With ratio wider than 8 ^ 






( 

D 

36 

3 

12 

1 


Find out the proportion in which they sliould be combined finally so that flic 
ratio of their S. E. to D. V, is 8. Also find o\it the numbcir of lbs. of S. E. and 
1). r. per 100 lbs. of the final combination. 


Solution : — 

S. Yj, per 100 lbs. of the mixture of A and B 

“S. E. of A X parts 4- 8. K. of B X parts total number of parte 
40 X 1 + 60 X 4 -- 5 

= 56 ‘. 

D, P. per 100 lbs. of tlie same 

=L>. P. of A X parts + D, P. of B X parts -f* total number of parts 
= 10 X 1 + 10 X 4 -4- .5 

=^ 10 . 

S. E. per 100 lbs. of the mixture of C and D 

—3. E. of 0 X parts j- S. E. of D X parts total number of j)ait8 

r--- 54 X 2 + 36 X 1 -f- 3 

=45. 

D. P. per KKJ lbs. of the same 

=1). P. of 0 X parts 4 P* of D X juirts -f- total number of parts 

=-6 X 2 4- 3 X 1 -f- 3 

=J. 

Now if y parts of 0 D mixture are combined with one part of A B mixture, tlu^ 
value of y would be 

8 X D. P. of CD- 8. E. of CD _ . 

^ 87k of AB- 8 xD. P‘ofAB 
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Therefore final proportion in which the foodstuffs should be fed would be as 
under : — 


Food- 

BtuR 

Original 

proportiims 

in 

parts 

Parts of 
oach 
group 

If 1 lb. of oaoh 
group is 

taken the follow- 
ing will bo 
the proporticjn of 
each food 

Multiply 

by 

Final propor- 
tion 

A 

1 

mm 


M 

' 1 ' 

B 

4 

■■ 




C 

2 


i 


2 ^ 10 







D 

1 

■■ 

h 


1 1 5 


From those data we can find out the S. E. and D. P. per 100 lbs. of the final 
(ombination as under : — 

S.E. of Axl+S.E. of BX4-I-S.P]. of CxlO+S.E. of Dx5-20=50-S. E. 

per 100 lbs. 

D.P. of Axl+D.P. ofBx4+D.P. of Cxl0-1D.1\ of Dx5-20-G-25.=D.l\ 

per 100 lbs. 

WitJi this mixture in hand we can now conveniently proceed to feed any 
animal in the group on the basis of deficit S. E. alone. 

Thus : 

Total requirement of S.Es. — S.Es. already apportioned equall y X 100 
8.E. per 100 lbs. of final concentrate mixture. 

~ll)s. of concentrate mixture. 

The D. P. will automatically adjust itself. 

Concentrate mixture for other class of farm cattle : — 

Cows-in-calf, yielding milk if not in large numbers, may conveniently be 
placed in a suitable group only on the basis of live weight and milk yield without 
taking into consideration tlie fact that they have to nourish fcctus in addition for, 
on the whole ratio of S. E. to D. P. in their ration works out only slightly under 
than similar cows but bearing no foetus. If, however, their numbiu* haj)pons to be 
considerable and the protein-rich foods are much dearer than protein-poor foods, 
it will then be economical to prepare a separate concentiato iiiixf lire for making 
np the deficit. 

Likewise, dry cows-in-calf may conveniently be accommodated in a suitable 
group of non-producers. 
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Working bullocks would require almost the same ratio as they do for their 
maintenance. If adequate amount of S. E. is supplied as a source of energy for 
work there would be no necessity to add any protein for the production of work 
exc.ejit a small additional amount for making extra digestive juices and to incrcasi^ 
the ])ala1ability of the ration. This can be done by keeping uj) in total ration 
tlie same ratio of S. K. to D. P. as is necessary in maintenance part of the ration, 
lienee working bullocks may conveniently be accommodated in a suitable group 
of uun-j)roducerH in respect to their receiving a concentrate ration, without taking 
into consideration the fact that they have to perform work in addition. 

Since the object, as a rule, of fattening of an animal in India is to givt^ lone 
to its external appearance and increase the palatability and appearance of its Hesli. 
with a view to enliance its sale price after it has ceased producing in other dinu*- 
tions, the ration that such an animal would require would be equivalent to the 
ration required by a store animal in its early stage of fattening. The ratio of 
S.E. to D. P. in such a ration would be approximately 10. 

To summarise, on an ordinary commercial farm, where the sizes of mature 
animals do not differ very much, all the milking animals and cows-in-calf yielding 
milk can fall under one group and would do well when supplied with the same typ(^ 
of concentrate mixture. Another type of mixture is required to be proparcul ftn* 
working bidlocks and fattening animals both of which would fall under one groii]). 
Young animals on maintenance ration, and dry cows-in-calf, would probably get 
enough nutriment from hom(3-grown fodders alone. 

For tJie same mixture, weight or mass is proportional to volume. If therefore, 
different measures or containers — each being multiple of the other arc kept on 
the farm, one has then simply to ascertain once the weight of a mixture filling the 
capacity of one of the measures to determine the correlation of measure to weight . 
This done, it will enable us to give so many measures for such and such animal 
instead of so many lbs. tluis eliminating the necessity of weighing the mixtur«* 
every day for each animal. 

Purchasing the Cheapest Suitahle Food. 

Find out the deficit of S. E. and D. P. on the farm for each group of animal^^ 
and determine their ratio. Then purchase some suitable and cheapest foodstulTs. 
among such foodstuffs whose ratios of S. E. to D. P. are narrower and some among 
those whose similar ratios are wider than the ratios in the deficit. Then find out. 
the proportion in which these should be purchased as suggested above. Comparison 
of prices may be done on the basis of starch equivalents. 

‘fo be exact, however, in our estimate of valuation of a purchased foodstulT 
we cannot neglect to take into account its manurial value. This manurial value 
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should, therefore be deducted from the purchase price of the foodstuff in order to 
obtain the net value of starch equivalents contained in a unit weight of that food- 
stuff for feeding purposes. To find the manurial value of a feeding stuff, divide the 
percentage of protein by G^. This gives the percentage of nitrogen. Divide* this 
by 2 to allow for the fact that half the nitrogen of a feeding stuff’ is usually lost in 
making F. Y. M. Mnltijdy the figure ao obtained by the present cost per unit of 
jiitrogen in a ton of feeding stuff’. Increase this figurti by half to allow for tlie plios- 
|>hate and potash. Thus 

Let P”Protein percent, and N-Cost per unit of nitrogiui. Acc^ording to the 
above we get the following : — 



_Px4xN PxAxN 

“ '^2~~~^'^X2X2 

_2PN ^ ^ 

25 25 

3PN 

=:^^_=manurial value of a feeding stuff. 

On live stock concerns, however, which mostly depend on the ])iir(diascd food- 
stuffs — sucli as most of the dairies in Bombay and other big cith^s (let(n‘niination 
of manurial value should not be done accemliug to this formula but rather acconling 
to the market price likely to be realised for the (juantity of manure pneliicetl 
through freeding the foodstuff. 

Reducing the cost of production of i/ome-ohown food. 

This should mean growing not exactly the larger (piantity of a crop or its 
products per unit value of money spent, but rather the total (piantities of starch 
equivalents contained in these. The basis of standi equivalents should Isi enough 
ordinarily to evaluate the productivity of a crop without taking into consideration 
the total digestible proteins. Because, starch equivalent of a foodstuff is in tin; 
first place an index of thermic or energy as well as productive, value not only ol 
digestible carbohydrates and fats but also that of the (lig(*stil)le jiroteiii inehu led 
therein. Hence it is not necessary to take separate count of the lattcT. Secjondly 
in all well balanced schemes, deficiency of digestible protein is seldom felt urdess 
the concentrates rich in proteins such as oil seeds arc sold off* the farm. Ibnice if 
you take care of the S. Es., D. Ps. will take care of theiuselves. To compare, 
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therefore, the cost of production of home grown foodstuffs on starch equivalent 
basis, find out the cost per lb. of S, B. or per unit of S. E. thus ; — 

Cost of production per lb. S.E. = 

cost of production per acre X 100 
yield per acre in lbs. X S.E. per hundred lbs. 

Cost of production per unit of S.E.=Coflt of production per lb. S.E. X 22*4. 

The former figure, viz., the cost of production per lb. S.E. is particularly useful 
in aB 8 ( 3 ssing the cost of daily ration which is reckoned in lb. S.E., while the latter, 
viz,, the cost of production per unit of S.E. being larger is more convenient to use 
when we wish to compare the net productive values per acre of different crops to be 
grown on tlie farm. 

If we desire, liowevcr, to obtain figures that would present more correct picture 
of crop valuation we cannot afford to neglect to take into account the value of 
protein as flesh former, in addition to its function of producing endothermic energy 
and fat in an animal body. Protein gives 23 p.c. more energy find G p. c. less fat 
in an animal body than an equal amount of carbohydrfxtes. But as flesh former 
it cannot be compared with cither carboliydrate or fat, because this quality is more 
or less exclusively possessed by protein alone, and therefore its value cannot be 
compared with the above nutriemta on any definite basis. Its })rc8ence is absolutely 
much more essential for a young growing animal or an animal yielding milk than a 
working or fattiuiiiig animal. Within certain limits ju’otein can replace the other 
two nutrients in the matter of prodmdiion of energy or fat which are the only 
nutritive functions of the latter, but it cannot itself be replaced by any one of these 
when the main production is the formation of fiesli including bones. Of the food- 
stuffs containing equal amount of S.Es. the value of one containing greater amount 
of digestible proteins should necessarily be higher than tlie other. Then again, 
just as in the case of the soil which is not subject (*^1 to judicious cropping scheme, 
nitrogen often o})erates as a limiting factor to the satisfactory growth of a crop, so 
also nitrogen (protein) is liable to be deficient in foodstuffs grown on live-stock 
farms where the crop])iug schenui is too badly framed to allow of nutrients being 
produced in balanced proportion. It is obvious that anything that has got a 
teiuleiu’y to constitute a limiting factor should command a greater value than its 
compliments whose value should, therefore, necessarily be lower. Hence digestible 
proteins and digestible fats are considered to be equal in value on an arbitrary basis, 
while e^ich of these is taken to be 2*5 times more valuable than an e(iual weight 
of digestible carbohydrates. Comparative values of foodstuffs grown on the farm 
on the basis of different values for different kinds of digestible nutrients or “ Food 
unit« system as it is called may therefore be obtained thus. 
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Dig. Food units per 100 lbs. foodstuff : — 

(Dig. Protein + Dig. Fat) 2*6 + Dig. Carbohydrate. 

Cost of production per digestible food unit : — 

cost of production p er acre X 100 

yield m lbs. per acre X dig. food units per 100 lbs. 

For the sake of comparison of nutritional values in terms of money, collection 
ind tabulation of data as shown below should prove immensely useful : — 


In the case of home grown food : — 


Serial Xo. j 

[ 

Name 
of tho 
crop 

Average 
cost of 
cultiva- 
tion per 
aero 

Average 
yield 
in lbs. 
per 
acre 

Starch equivalents 

Cost of production 

Remarks 

per 100 lbs. 
of the crop 

per 

aero 

I>er unit 

S. E. 

Rs. as. ps. 

per U).‘^S.E.\ 
Rs. ns. pa. 

per food 
unit 

1 Rs. an. pa. 



1 









In tho case of purchased food : — 


Serial No. | 

Name 
of the 
food- 
stuU 

Manurial 
value 
per ton 

S. E. 
per 100 
lbs. of 
the food- 
stuff 

D. P. per 
100 lbs. 
of the 
foodstuff 

Ratio 

S. E. 

j Price i)er 

Remarks 

I Ton 

Rs. as. pa. 

Unit S. M. 
Rs. os. pa. 

lb. S. E. 
Rs. os. ])8. 

I). P. 


■ 










Comparison in this way of home-grown foods as items influencing economy in 
animal production will enable us to judge which crops that are possible to grow on 
the farm would be more profitable than others wlien included in the cropping 
scheme. There are, however, several other merits that need be taken into consi- 
deration, most important of which being, presence of suDicient amount of mineral 
matter, vitamine contents, a great variety of amino-compounds comijosiiig proteid 
matter, desirable taste and aroma that lend palatability, and absence of deleterious 
ingredients that would either affect the growth and lu^alth of the animals 
or the quality and quantity (»f their products. The choice of a crop to 
bo put under cultivation, however, cannot be determined only on the 
basis of individual merits mentioned above, but as a component of a rotation, 
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the inclusion of the selected crop should on an aggregate increase the 
utility of a cropping scheme as a whole. For tliis purpose it needs not necessarily 
be th(i best and foremost in possessing the above attributes, if it allows only iii^ 
feri(»r type of crops to precede or follow as a course of rotation. By utility of a 
cropping sclieine is meant not only its productivity but also its value of supplyiic^ 
succulents, roiigliagcs as well as concentrates more or less uniformly in diu* 
cpiantitics tlirmigliout the year. Hence comparison of home-grown foods cannot 
be made on the whoh‘sale basis but rather should be done separately among each 
group, viz,, succulents with succulents, rougliages with roughages, while concentrates 
with concentrates. 

It is ideal to feed succulents in fresh condition at all times of the year, if that 
is possibh». But this object is unattainable in India where tlie natural precipita- 
tion is confined only to 3 or 4 montlis in the year, except in tracts where irrigation 
facilities exist. The crops that may be selected to form a rotation sliould therefon^ 
allow of preserving or storing a part of tlie plants or their products in succulent, 
(condition cit]i(?r as silage or as roots. The value of succulents lies in their higli 
[lalatabiUty, low fibre contents, richness in vitamins of nearly all types and higli 
mim^ral contents in more or less balanced proportion. And since each of these four 
factors tend to increase the digestibility of a feeding stuff, the digestion coefficient 
of succulents is ratln^r higli, nay. there lire evidences to show that the latter tends 
to go high even in the case of foodstuffs that are fed in conjunc’.tion with succulents 
ill a mixed ration. The value of hay in respect to possessing these minits com(*s 
somewhere bctwi^eii roughages su(4i as kmlbi and succulents and, indeed, better 
types of hay behave, more like succulents than roughages. Likewise, (‘oncentrati's 
resemble succulents except that former are sliglitly less palatable and the mineral 
matter that they contain, though high, are not generally in a balan(*ed projiortion. 
there lieing often preponderance of Po t);, over CaO, instead of these occurring in 
more or less cipial proportion. Besides, many concentrates, though not all, ar»‘ 
ilelicieiit in some of the vitamins. 

Our main efforts sliould be directed towards reducing the cost of ])roduction as 
much as possible, as there is more room to effect economy in this way than perhaps 
in any other way. This may be brought about by using labour saving devices, 
supplying the rigJit type of fertilizers in optimum amounts and at right times, 
increasing the liuiiiiis contents of the soil, following rotation that would increase 
the productivity of tlie farm and allow of labour being exploited or utilised fully 
througliout the year. Where growing of grasses is possible, system of rotational 
grazing lias been proved to give the best results per unit amount of capital spent. 
Mineral matter such as superphosphates for grasses have the property of not only 
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increasing the total amount of food units but also improving the quality of tlie 
pasture by increasing its mineral contents and digestibility. In fact it forms a 
most economical plant to exterminate coarse and innutritions fodder wJiich is 
smothered down by the luxuriant growtli of nutritious type of fodder. 


Correlation of the cost per lb. S. K. to net profits will serve a useful guide in 
stipulating net returns from a livestock f«irm. On a whole-milk selling dairy farm 
such correlation can be determined for exam,de as fcdlows - 

Find out first the average (a) live weiglit (h) milk yield in lbs. and (c) fat per- 
centage per animal. Then by means of these data determine the number of S. J^s. 
required for this average animal for its daily ration. Tf by feeding lbs. of S. M., 
m lbs. of milk are obtained, then 1 lb. S.E. will give ~ lbs. of milk. If the. 
selling price per lb. of milk is p, and the transportation cost per lb. milk is / tlum 
each lb. S.E. will fetch a price in tlie market equivalent to This, there- 

fore represents the gross returns per lb. S.E. 

If 0 represents the cost of jiroduetion pm’ lb. S.E. and since ijid to :{tli of the 
total cost of ])roducti()n is diu^ to feed charges, it may safely b(5 taken that to 
obtain gross income, the former shall have to spend between c to ^ c. 

To err on the safe side let us assunui the higher figure viz., c. This has to be 
deductetl from gross returns — to obtain net returns jxu* J c. To obtain tlie 
percentage net returns, til e net returns ])er iW; has to be multi pli(*d by 100 and 
dividiul by :J c. Hence the following buimila may be used to stipulate the p(‘r(t(‘U- 
tage of net returns on a milk signing dairy coiu ern where, the manageimmt ami 
feeding are carried on up to-date scientific princi])les 


Fenentage 


net returns - 



n 



% oi food (^Xjamses in total (vxpensesxw* {jf /) 
nc 


100 fifim(p /) 

IIg no 

100, where '//4— milk yield 


in 


lbs., p price per lb. of milk, f tin* cost of transportation per lb. of milk, if nundicr 
of S. Es. required daily for the average tyjxi of animal, and c— cost of ])rodu(*tion 
per lb. S. E. 

From tills mpiation we arc also able to fimi out the cost of [iroduction ])er lb. 
S. E. to correspond to certain desired figure of percentage net returns, thus : — 

6G m ip j) _ _ 

^ n (% net returns+lOO) 
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Plx:}irnplo (1)— In a liorcl of dairy animala the following are the average figures 
per cow : live weight 1000 lbs., milk yield 12 lbs. and butter fat percentage 4. If 
the cost per lb. S. E. is 2 annas, price obtained per lb. milk is 3 annas, and trans- 
portation charges per lb. milk are 3 pies, what should be the stipulated net profit ? 


„ I /♦» X fat%\ 


net profit = 


66 m {p — t) 
7W 


- 100 = 21 . 


Jixample (2) —On the above dairy farm, how far should the cost of production 
per lb. S. E. be brought down in order to obtain 32% net profit ? 


66 m (p— t) 


66x12x11 


=1 a. and 10 pies. 


n (% net profit + 100) 4x9x132 

Example (3) — Find the cost of production per lb. S. E. on the above dairy 
farm when it shows neither profit nor loss. 

mm(p-4) 66x12x11 ^ . 

<5= — ^^=2 as. and 5 pies. 

?i(0fl00) 4x9x100 ^ 

On this farm therefore if the cost of production per lb. iS. E. is 2 as. and 5 pies, 
the profit is nil. 

Example (4) — When the state of the above farm is such that it yields neither 
profit nor loss, if a breeder increases the milk yield by 100% or twice the original 
amount, (without attempting to reduce the cost of production per lb. S. E.) what 
wouhl be his stipulated percentage not returns ? 


260 ^ 16 


/ 


250 

— 0 6 
jM'.rcoiifcigo not roturus 


^ f»Xfat% '^ 

+ 8 


1000 , /2M V 

16 J 


12 


GCim(p— t) 
nc 


100 ^ 66x24x11 _ jQQ 


4x12x121 
50 


66X24X11X60 
“ 4X12X121 

= 60 . 


— 100 
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Now 60 per cent, not retiiras can bo had either by roiiicing tho cost of food by 
20% or else by increasing the milk yield per animal by 100% in the above case. 
Attempting to effect economies, however by the former process is certainly much 
easier and gives the desired results far more quickly when compared with the latter 
process which is less certain and indeed takes considerably longer time of careful 
selection and breeding . 

EyoLvma strains of animals of urtter yield by selection and breeoino. 

Breed tho best to tho best should be the motto in practice of a live-stock 
farmer. It otherwise means rigorously putting a stop t ) any further breeding of 
such animals as do not come up to a certain doured standard or, in other words, 
do not pay satisfactorily. iS(deotion of the bast an I elii^iuation of the unsatis- 
factory for breeding purposes, that is to say, grading up high producing stock by 
tho use of pedigree bulls, will gradually but coutimiously rane the productivity 
of tho herd. To achieve this end in practice, it involves tlui adoption of the 
following procedure : — 

(1) Watching and maintaining tho record of performance of each individual 

animal as a producer, breeder as well as early maturor. 

(2) Maintaining the pedigree record in order to be able to trace ancestral 

performance. 

(3) Introducing, if need be, a pedigree bull of noteworthy performanc e or 

individual merit which should also possess prepotency or tho ability 

to breed true to its cliaractcjr. 

(4) Sullicieiitly narly castrat ion of ctiu leiuued male animals. 

While making sele{3tion of individuals of a herd we are mainly guided by 
three considerations, viz : — 

(1) Ancestral record or when rationally used forms a valuable 

aid to tho breofhjr iu his work of selection. This test, however, when used singly 
or by itself, does not lea<l us far in giving true estimate of the value of an animal 
but when used iu conjunction with 

(2) InAividml m^rit —undoubtedly proves a valuable guide. Similarly being 
guided by the basis of in lividual rcconl alone will be of little avail unless we take 
into consideration the average merit of tho animars immediate ancestors. The 
two taken in conjunction would undoubtedly prove a far better guide than either 
considered alone. Pedigree gives the idea of potentialities of characters being 
transmitted, while the indivMuality gives evidence as to how far these potentiali- 
ties have expressed themselves into reality. The third tost which is by far the 
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most ifiiporiant and comprehensive is 

Genolyyic selecAiim —ihm is based upon actual breeding ability as deter- 
mined by tests. This test exposing, as it does, to light the genotypic constitution 
of the animal concerned gives miudi clearer estimate of the hereditary characters 
than the abov(‘ tests either singly or taken together. But this test, in the slow 
breeding sjiecies like cattle, limits itself in practice to be applied to the male sex 
only. It is by far the best plan therefore to subject a breeding bull to this test 
by mating liim with about a dozen of cows possessing recessive characters. If the 
bull is homozygous for the dominant character in question all his progeny will 
show tlie dominant (.‘haraciter, the latter being heterozygous. But if he is hetero- 
zygous fifty per cent, of his progeny should come out heterozygous showing tln^ 
dominant character and the remaining fifty per cent, should show the recessive 
charai'ter being homozygous for the recessive character. With so small a number 
as about a (h zcui sve c.annot hope to expect the thfjoretical 50 : 50 ratio, but 
w'(; may tak(j it as certain that if even one of his progeny shows recessive charac- 
ter. we an^ not (healing with a pure blooded or homozygous bull but a cross which 
will introduce heb^rogenieity into the herd of his progeny. If. however, all the 
progei\y witliout a single exception go after tlieir father, the latter is probably a 
pure l)loo(led animal and as such safe to be retained in the herd for the purpose of 
breeding. 

In India whc.re cattle are generally unfenced and let loose without any super- 
vision, it is but impiwativc to have a keen guard against wanton breeding of und(‘' 
sirabh' animals. There are in the main two sources tliat (Moistitute danger from 
the, point of view of destructive breeding. Oiui of those is an animal whieh is 
matnn*, enough to IuhumI, but a(K.ording to pr(‘,vailing eust:)m. not yet sullicicntly 
grown lip to b(‘ castrated. In fact it si eins that their soh‘ aim of castration is to 
tame, tlie animal and ge,t him in a e mdition lit to work rather than stop indis<!i <‘cl 
luiMMling. The other source comes from Brahmini bulls. It is mmv, than probable 
that the original [im pose of the practice of presenting a bull to a god or goddi'ss 
lav in dedicating an animal of more than average standard to the service of agri 
cultmal community just as now the department of agriculture is doing by proHeni- 
ing a pnuiiium bull to a responsible society. But unfortunately now-a-da\s the 
systc.iu has dcgi nerated into mere formality wherein the original purpose is lost 
sight of. and an animal of any type may be selected for the purpose irrespective 
of its [liMligree. individual merit, or genotypic constitution or prepotency. Hence 
we shimld at once try either to put a stop to this sort of destructive breeding or 
else modify or imjirove u{K)n it. This may best be done by enacting an ordinance 
by which all male animals must perforce be castrated sufiSciently early except those 
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thftt are certified or registered as fit for breeding purposes by a committee of 
inspectors, experts or select members of a breeders association respoasiblo to 
maintfiin a high standard of a specific breed. 

There is a boom among certain breeders that one of the best solutions to iin* 
prove tlie productive capacity of Indian cattle whic^li is at present, no doubt, in- 
ferior, would lie in adopting the practice of crossing eitlier among prominent Indian 
breeds or else by introducing foreign breeds. But this presumption is fallaceous. 
Many authorities declare that we have in India breeds of cattle par excellent as 
f)osBes8lng potentialities to produce much higher than tlie present average and com- 
bining almost all the desirable characters for the purpose of specific production 
within a single well defined breed, without the necessity of resorting to introducing 
or incorporating any other good character de novo. Onr job lies for the present 
in activating the productive capacity of a breed to the highest leVcl a breed is 
capable of reaching, and breeding out any bad characters that its individuals may 
possess, and this means nothing more than grading up of animals as suggested 
above, followed by fixing the resultant type attained in this way and finally having 
recourse to in breeding. It should, however, bo well remembered that no amount 
of selective breeding will prove of any groat value unless tlie animals are 8upplie<l 
with the requisite amount of food of proper qjiality and maintainod under olficiout 
management ; otherwise the results that may be obtained would be misleading, 
because a high producing strain of animal usually being more sensitive to different 
treatments is likely, under bad management and insufficient or malnutrition to 
suffer proportionately more in its production than an ordinary type of animal 
which can weather rough and untoward circumstances. 

The writer does not contend to say that the importation of foreign blood will 
not increase the productivity of an Indian herd. Thcire are instaimos where the 
imi)ortation of foreign blood has raised the stiindard of prodiiotioii of a herd to a 
considerable extent, but such practices have also been responsible l-o introdiuio 
foreign diseases, as well as to render the resultant crosses more susceptible to more 
or less specific Indian diseases, a state of affairs that should prove highly detri- 
mental to the live-stock industry in this country at least for deca^les or centuries 
to come till immunity finally comes to stay in their blood. 
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(Reprinted from Nature, Qotober 10, 1031.) 

Tho viruseB are a group of agents, the existonco of which would certainly bo 
unknown to us but for the changes produced by their presence in the bodies of 
higher animals and plants. They seem to have one property at least of living 
organisms in being capable, under appropriate conditions/of indefinite reproduction. 
We know nothing of their intrinsic metabolism : it has even been asserted that they 
have none Few of them have yet been rendered visible by the microscope ; it is, 
indeed, a question for our discussion whether any of them have yet been seen or 
photographed. It is a question, again, whether any of them, or all of them, consist 
of organised living \inits, cells of a size near to or beyond the I )we8t limits of 
microscopic visibility ; or whether, as some hold, they are iinirgani^ed toxic or 
infective principles which we can regard as living in a sense analogous to that in 
wliich we speak of a living enzyme, with the important addition that they can 
multiply themselves indefinitely. So?ao however, would attribute this, not to 
actual self-multiplication, but to a (coercion of the infected cells to reproduce the 
very agent of their own infection. 

The problems presented by the nature and behaviour of the viruses cannot 
fail to raise qutjstious of the greatest interest to anyone concerned with general 
physiological conceptions. What is tlie minimum degree of organisation which we 
can leasonably attribute to a living organism ? What is the smallest space within 
which we can properly suppose such a minimum of organisation to bo contained ? 
Are organisation, diffi^reutiation. separation from the surrounding medium by a 
boin\dary membrane of special properties necessary for the endowment of matter 
with any form of life ? Or is it possible to conceive of a material complex, retain- 
ing in endless propagation its physiological character, as revealed by the closely 
specific reaction to it of the cells which it infects, though it is not organised into 
units, but uniformly dispersed in a watery medium ? Among those who study the 
viruses primarily as pathogenic agents, these questions provide matter for debate ; 

♦ From trie Presidoutiil A lire.in iiitroUuoiag a diauussiou oa the subjeot in Section I (Physiology 
of the X^ritiah Asaociation in London on tSeptember 28, 1931. 

( 66 ) 
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I suggest that they are quesbiius with which the physiologist may properly be con- 
cerned. 

I cannot deal with the history of the subject ; but it is of interest to note that 
Edward Jenner was dealing, in small-pox and vaccinia, with what we now recognise 
caa characteristic virus infections, long before there was any hint of the connexion 
of visible bacteria with disease. Pasteur himself was dealing with another typical 
case of a virus infection in the case of rabies. The clear recognition, however, of the 
existence of agents of infection, iinpjrcoplible with the highest powers of ordinary 
microscopic vision, and passing through filters fine enough to retain all visible 
bacteria, begins with Ivanovski s work in 1892 on the mosaic disease of the tobacco 
plant, brought to general notice and greatly developed by Beijorinok's work on 
the same infection some seven years later ; and with LoiTle^ and Frosch's demons- 
tration, in the same period, that the infection of foot-and-inoutir disease is simi- 
larly due to something microscopically invisible, and passing easily through ordi- 
nary bacteria-proof filters. Since those pioneer observations the study of viruses 
has spread, until they are recognised as the causative agents of diseases in afi 
imposing and still growing list containing many of the more serious infections of 
man, animals, and plants. 

If we are to discuss the biological nature of the viruses, it is obvious tliat we 
should begin by attempting some kind of definition. What do we mean by a virus '( 
And what are the tests by which wo decide that a particular agent of infection 
shall bo admitted to. or excluded from, the group ? But a few years ago I think 
that we should have had uo difficulty in accepting three cardinal properties as 
characterising a virus, namely, invisibility by ordinary microscopic methods, 
failure to bo retained by a filter fine enough to prevent the passage of all visible 
bacteria, and failure to propagate itself except in tlie presence of, and perhaps in 
the interior of, the cells which it infects. It will be noted that all three a re 
negative characters, and that two of them are probably quantitative rather than 
qualitative. 

Such a definition is not likely to effect a sliarp or a stable demarcation. We 
shall see that its failure to do so is progressive. Nevertheless it would still be 
difficult to refuse the name of \ if us to an agent which fulfils all throe criteria; 
and we must therefore, in consistency, apply it. on one hand, to the filterable agents 
transmitting certain tumours, and, on the other hand to the agents of trans- 
missible lysis affecting bacteria, and now widely known and studied as bacterio- 
phages. But the strict application of such a <lefinitioii, based on negative charac- 
teristics, must obviously narrow its s<5ope with the advance of technique. W(5 may 
look a little more closely at the meaning of these different characttjrs. 

f2 
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Micro8copi(5 visibility ifl obvi'owBly A loose tciiO. Ea)I(*igh's faniiliar foiiiiiilii 
in which the lower limit of resolution is equal to one-half the wave-length of tlu‘ 
light employed, divided by the numerical apeiturc of the objective, only gives us 
the smallest dimensions of an object, of which, with the method of transmitiiMl 
illumination lia})itually used in former years, a critical image can be formed. 
There can be no d(jubt that the separate particles of pracitically all the agents 
to which the t(Tm virus would be applied fall below this limit of size. To put it 
in plain figarcs, their diemeter is less than 0*2 micron. On the other hand, progress 
has recently been, and continues to be, lapid in the direction of bringing into tin- 
visible range minute bodies associated with a growing number of viruses. This luis 
been effected, on one hand, by improvement in staining tcclinique. which probably 
owes its success largely to increase of the natural size of the pirticlcs by a deposil 
of dye on their surface ; and on the other hand, by forming visible diffraction 
images of the unstained particles with wide-aperture dark-gfound condenses, and 
by photographing the images formed of them ^vith shorter invisible rays. Mr. 
Barnard has obtained such sliarp photographic images of tlie bodies associated 
with one virus. measur<m\eut« of which give their natural size by simple calcula- 
tion. 

The reaction of a cautious criticism to such a demonstration seems to liavi^ 
taken two different directions. There has been a tendency, on one hand, to 
exclude an agent from the group of viruses as soon as the miciosc'ope could 
demonstrate it with some certainty. Many have for years thus excluded th(‘ 
agent transmitting the pleuro-pneumonia of cattle, though the status of this 
organism has been (compromised even more by the siu'cess of its culfcivatiim ou 
artificial media. Visibility seems to have rendered doubtful the position of 
iliekettsia group of infections, and, if the test is h<gu*a]ly ap])lied, tiui process of 
(exclusion can scarcely stop before the agents transmitting psittacosis, b)wl-})ox, 
infectious ecctromclia, and even vaccinia and variola, have b(cen removed from the 
group of viruses into that of visible organisms. 

In discussing the biological nature of viruses as a whoh^ however, we can 
sccarcely begin by accepting an artificial and shifting limitation of that kind. The, 
real task before us, rather, is to discuss to what extent the evidence of these recent 
developments, which appeir to show that some of the agents, known hitherto as 
viruses, consist of very minute organisms, can safely be appli(^,d to other viruses 
which are still beyond the railge of resolution. Do these also consist of organisms 
still mor^ minute, or are any of thenl unorganised ? Another line of criticism, 
sound in itself, while not excluding from the virus group these agents for which 
microscopic visibility has been claimed, demands more evidence that the minute 
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bodies seen or photographed are really the infective agent, and not merely products 
of a perverted metabolism which its presence engenders. 

It is obvious that complete evidence of identity cannot be obtained until a 
virus has been artificially cultivated in an optically homogenous medium. Mean- 
while it is a question of the strength of a presumption, on which opinions nlay 
legitimately differ. Let us recognLse that the evidence is not perfect, but beware 
of a merely sterilising scepticism. I suspect that the attitude of some critics is 
coloured by past history of the search for viriwes and especially by that part of it 
concerned with the curious objects known ‘as inclusion bodies’, wliieh are readily 
demonstrated with relatively low powers of the microscope, in the cells of animals 
and plants infected with certain viruses. From the earlier and admitterily hasty 
tendency to identify them as infective protozoa, opinion ssoms to ^have swung too 
quickly to the opposite extreme, of dismissing them as mere products of the 
infected cell. It is so comparatively simple, in some cases, to separate these bodies, 
that it is surprising that so few efforts have been made to test their infectivity. 
However, the power of such a body to convey at least one virus infection has been 
demonstrated ; and since they have further been shown, in several cases, to consist 
of a structureless matrix packed with bodies looking like minute organisms, the 
burden of proof in other cases seems to me, for the moment, to rest on tliose who 
suggest that they consist wholly of material precipitated by the altered metabolism 
due to the infection. 

The physical evidence, obtained by filtration through porous fabrics and colloi- 
dal membranes and by measuring rates of diffusion, is, of course, purely concerned 
with the size of the units of infective material, and must bo taken in coiij unction 
with the evidence provided by the microscope. The crude qualitative distinction 
between the filterable and non-filterable agents of infection has long since ceased 
to have any real meaning. There is no natural limit of filterability. A filter can 
be made to stop or to pass particles of any required size, ft is now realised that 
tlie only proper use of a filter in this connexion is to give a quantitative measure 
of the maximum size of the particles which pass it. Evidence from failure to pass 
must always bo subject to correction for the effetits of electrostatic attraction and 
fixation by absorption on the fabric of the filter. A large amount of filtration 
evidence has, further, been vitiated by reliance on determinations of the averatje 
pore size of the filter. In dealing with an infective agent, the test for tlie presence 
of which depends on its propagation under suitable conditions, it is obviously the 
maximal pore size which is chiefly significant. 

For these reasons a good deal of the evidence showing that c<3rtain viruses can, 
be detected in the filtrates, obtained with filters wliich will tiot allow haemoglobin 
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to pass in perceptible quantities, must be regarded at least with suspicion. Dr. 
Elford has recently succeeded in preparing filter-membranes of much greater 
uniformity, with a small range of pore-diameters. His measurements with thefie, 
of the sizes of the particles of different viruses, show a range approaching tlie 
dimensions of the smallest recognised bacteria, on one hand, and falling as low, in 
the case of the virus of foot-and-mouth disease, as about three or four times the 
size- of the haemoglobin molecule ; the latter being given not only by filtration-data, 
but also by other physico-chemical measurements, such as those obtained by 
Svedberg with the ultracentrifuge. It should be noted, as illustrating the difficul- 
ties of the problem and the uncertain meaning of some of the data, that Elford has 
regularly found a bacteriophage to bo stopped by a membrane which allows the 
foot-and-moutl) virus to pass ; while, on the other hand, recent determinations of 
the rate of diffusion of bacteriophage, made by Ikonfenbrenner, put the diameter of 
its particles at 0*6 of a millimicron, that is, only about one-fifth of the accejded 
dimc.nsions of the haemoglobin molecule. If we }ic(ui])ted such an estinint(i, \V(^ 
should bo oblig(5d to conclude, I think, not meredy tliafc tlu‘, bacteriophage is iinor- 
ganis<^d. but that its moleculrs arti something mucli sinqder than those of a high- 
moleciilar probdn. It lias even been suggested, Ihougli on very imperfect evidence, 
tliat it may be a moderately comph'X carbohyclTate. Ar(‘- we. then, to suppose, 
that the foot-and-mouth virus is a similarly unorganised and relatively simjilc 
substance ? It- is rliflicult t^) do so, in view of the serh‘s of other agents, all confor- 
ming in many aspects of their behaviour lo the classical! type of the foot-and-nioidh 
virus, and yet showing a range of dimensions up to that at which their units are 
apparcuiily bcH'oming clearly visible by modern microscopiiail methods. 

It will be clear, indeed, that, if we accept tlu‘. lowest (^sliinates for tln^ size of 
the units of some viruses, siudi as the bacteTiophage and tin*, agemts transmitting 
some jdant diseases, we cannot by analogy apply the eoncc^ption of their nature, 
thus presented, to viruses consisting of organisms which are. ccaising to be even 
ultra microscopic^ ; and we should be led to doubt the identity witli the virus of tlic^ 
bodies which the microscope reveals. If, on the other liancl, we regard the; still 
invisible viruses, by analogy with those already seen, as consisting of (;ven much 
smaller organisms, we can only do so by rejecting the conclusions drawn from 
some of the physical evidence. It is, of course, possible that some of the agents 
caIIchI viruses are organisms and other relatively simple pathogenic principles in 
scdidion ; but to assume at this stage such a fundamental difference, among 
members of a group liaving so many properties in common, would be to shirk the 
difliculty. 

Tlui third negative characteristic of a virus, namely, its failure to propagate 
itself, except iii the. jucFeiueof living cells whirl) it infects, may obviously again 
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provide an unstable boundary, shifting with the advance of our knowledge and 
skill. We may regard it as not only possible, but even likely, that methods will 
he found for cultivating artificially, on lifeless media, some of those viruses at least 
which have the appearance of minute organisms. It would be playing with nomen- 
(^laturo to let inclusion in the virus group depend on continued failure in this 
direction. On the other hand, the dimensions assigned to the units of some 
viruses, representing them as equal in size to mere fractions of a protein molec.ule, 
might well make one hesitate to credit them with the power of active self-multi- 
plication. Experience provides no analogy for the growth of such a substance by 
self-synthesis from the constituents of a lifeless mediiim ; the energetics of su(*Ji 
a process might present an awkward problem. To account for the multiplication 
of such a substance at all, even in cells infected by it, w^o sjiould be driven, I think, 
to the hypothcvsis which has been freely used to account for tlie propagation of 
hacterio])hagc, on one hand, and of typical viruses lik(i tliat of herpes, on the otlu*r ; 
namely, that the presence of the virus in a cell constrains the metabolism of tlu^ 
cell to })rodiice more. 

Bordet has used the reproduction of thrombin by the clotting of the blood as 
an analogy for the suggested reproduction of bacteriophage in this manner. An- 
other, and perhaps ci'oser, analogy might be found in recent evidence that a culture 
of pneumococcus, deprived of its type-specific carbohy<]rate (‘omplex, can bo made 
to take up the carboliydrato characteristic of another typo, and then to l oproduce 
itself indefinitely with this new artificially imposed s{)ocili(*ity. The responsf^ of 
the cells of the animal body to even a single contact with a foreign protein, by the 
altered metabolism producing inimunit}, and often persistent for the lifetime of 
the individual, may suggest anotlier parallel ; but here the protective type of the 
reaction is in direct contrast to the supposed regeneration by the colls of the poison 
which killed them. 

Boycott, again, lias emphasised the difficulty of drawing a sharp line of distinc- 
tion between the action of normal cell-constituents, which promote cell-prolifera- 
tion for normal repair of an injury, and the virus transmitting a malignant tumour, 
or that causing foot-and-mouth disease. I do not myself find it easy, on general 
biological grounds, to accept this idea of a cell liaving its metabolism thus 
immediately diverted to producing the agent of its own destruction, or abnormal 
stimulation. It is almost the direct opposite of the immunity reaction, whic^h is 
not absent, but peculiarly effective in the response of the body to many viruses. 
It is difficult, again, to imagine that a virus like rabies could be permanently 
excluded from a country if it had such an autogenous origin. The phenomena 
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of immumty to a viras, and of closely specific immunity to different strains of 

the same virus, are peculiarly difficult to interpret on these lines. 

• 

This conception, however, of the reproduction of a virus by the perverted 
metabolism of the infected cell has been strongly supported by Doerr, in explana- 
tion of the phenomena of herpes. There are individuals in whom the epidermal 
cells have acquired a tendency to become affected by an herpetic eruption, in 
response to various kinds of systemic or local injury. From the lesions so develop- 
ed, an agent having the typical properties of virus can be obtained, capable, of 
reproducing the disease by inoculation into individuals, even of other species, such 
as the rabbit, and exciting, when appropriately injected, the production of an 
antiserum specifically antagonising the herpes infection. Such phenomena have 
a special interest for our discussion, in that they can be almost equally well 
explained by the two rival conceptions. One regards the herpes virus as a 
distinct ultramicrosoopic organism, and the person liable to attack as a carrier, 
in whom the virus can bo awakened to pathogenic activity and multiplication by 
injurio.^ weakening the normal reustance of his cells to invasion. The other regards 
it as a pabhoganic principle produced by cells in response to injury, awakening 
other cells to further production when transmitted to them. 

This forms a good example of the central difficulty in dealing with the grouj) 
of agents at present classed together as viruses. They seem to form a scries ; but 
we do not know whether the series is real and continuous, or whether it is formed 
merely by the accidental association, through a certain similarity in effects, and 
through common characteristics of a largely negative kind, of agents of at least 
two fundamentally different kinds. If we approach the series from one end and 
watch the successive conquests of microscopical technique, or if we consider the 
plionoinon v of immunity over the whole series, wo are tempted to assume that all 
viruses will ultimately bo revealed as independent organisms. If we approach from 
tlio other en l, or consider an ilogios from other examples of a transmissible altera- 
tion of metabolism, we may bo tempted to doubt the significance of the evidence 
provided by the microscope, and to conclude that all viruses are unorganised, 
autogenous, toxic principles. If we take the cautious attitude of supposing that 
b>tli are right, and that viruses bolouging to both these radically different types 
exist, where are we going to draw the line ? Is the test to be one of unit dimen- 
sion ? If so. what is the lower limit of the size of an organism ? Are we to suppose 
that iuelu^ioii bodies can only bo produced by viruses which are independent 
organisms ? And if so, does this conclusion also apply to the ‘ X ’ bodies associat^^d 
with the infection of plant cells by certain viruses ? 
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If WQ try to form an o'^bim^to of tho lowor limit of, size compatiblo with orga- 
iiUation, I think wo should remember that particles which we measure by filters 
of known porosity, or by photomicrographs, need not be assumed to represent the 
virus organisms in an actively vegetative condition. They may well be minute 
structures, adapted to preserve the virus during transmission to colls in which it 
can resume vegetative life. Attempts to demonstrate an oxidative metabolism 
ill extracts containing such virus, separated from the cells in which it (^an grow 
and. multiply, and to base concliusions as to the non-living nature of the virus on 
failure to detect such activity, must surely be regardml as premature. 

Our evidence of tho vitality of its particles is, as yet, entirely due to tluur be- 
haviour after transmission. They may acconliiigly contain protein, lipoid and 
molecules in a state of such dense aggregation that comparisons of their size with 
that of the heavily hydrated molecules of a protein in collbidal solution may well 
give a misleading idea of their comjJexity. 

Apart from their known function as the agents transmitting many of the best 
known among the acute infections, it is impossible, to any one having even a 
slight knowledge of tho recent developments which began with the work of Rous 
and Murphy, to doubt that in the advance of knowledge concerning the nature 
of the viruses in general lies the brightest hope of finding a clue to the dark secret 
of the malignant tumours. In unravelling what is still such a tangle of contra- 
dictions, the animal biologist needs all the help that can be given by concur- 
rent study of the analogous phenomena in plants. 



RESULTS OF THREE- YEAKS’ STUDY OF CERTAIN POULTRY 
RATIONS AS THEY AFFECT THE HATCHING POAVER OP HEN 
EGGS AS WELL AS THE NUMBER OF EGGS LAID. 

BY 

W. R. GRAHAM, J. B. SMITH AND W. D. McPARLANE, 
Deparlmeyff of Poultry llushamlry, Ontario A<jrwM(ural College, Gwd'ph. Ontario, 


IVi.m Hiillctiii Xo. .‘^r)2 (»f tli« Ontario Depart nnnit of A^riniltiiri?, Maivh 1931.) 

The Proviiicti of Ontario loses annually many thousands of dollars through 
poor hat(ih(‘s during incubation. In our modern types of incubators with their 
controls for t(un[)erature, ventilation and moisture, there arc still about forty 
per cent, of the eggs set never hatch a chick. Poor hatches are put down to a 
number of caufl<‘s. 'Poo often, however, wlien the hatch is low people are inclined 
to find fault with the incubator. It seems quite safe to state that the majority 
(d incubators in use to-day will give reasonably good results, providing the eggs 
are set from a well managed flock and the operator performs his or her duties 
faithfully during the period of incubation. Good management is the secret to 
success. It involves the care of the breeding flock ; the selection of the breeding 
<»f the birds used ; esp^dally that of the males; the feeding methods and kind 
of rations used ; the sanitation as (tarried out together with such things as the 
handling of the liatching eggs. It is possible to so manage tho flock during the 
winter months that more eggs may be gathered; such eggs when set to give fis 
many chicks as the same number would if set in July. 

It is hoped that tlie data submittful may be of service to those who wish to 
])roduce a good hatchable egg. 

Much experimental and research work lias been done and is in progress at the 
jiresent time on tlie use of the various kinds of proteins, vitamins and minerals, 
on both the growing ( hick and the laying hen. Tlirough the use of Cod Liver 
Oil — a rich source of vitamin 1). feeding methods have changed somewhat dur- 
ing tile past few years. There is considerable evidence to show the beneficial 
elfect of Cod Jdver Oil on hatchability. egg production and the general health of 
the flock. The diet fed the parent fowl appears to have a very definite effect 
on egg production and hatchability. 

Plan op Experiment. 

The general plan of the experiment was to study the influence of such anim&l 
proteins as Milk, Fish Scraji, Beef {^crap and Tankage as they might affect hatch* 

( 74 ) 
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ability and egg production. These materials were used as a sole source of protein 
in the rations and, in addition, were fed in combination with Milk, with or with- 
out Cod Liver Oil. The experiments consider two main points. 

1. The effect of certain animal proteins on the hatohability of hen s eggs. 

2. The effect of the amount and quality of sunshine on the Iiatcliahility of 
hens’ eggs. 

Tt is generally believed that the hatching power of eggs is an inlu^rited charac- 
ter and might very well be considered to be an equally important factor. The 
birds used in the experimental trial are all of known ancestors and coim^ from 
the general pedigrej pens of the De 2 )artment. Their ancestors are known for 
ten years or more together with their record of performance. 'Phis information 
may help materially in the final study of the problem. 

The incubatt)r used was a six tliousand egg Petersime machine, whicli imikcs 
it possible to sot all eggs daily for the entire period. This insii?*(‘S that all t‘ggs 
are set the day they are laid and that every egg is under tlui same (external (condi- 
tions during incubation. 

Tw(mty Barred Bock pullets and one male as lUiarly etpial in age a.nd bnaxling 
as possible, are us(m1 in (»ach pen. All pulletsusedinth(n‘xp(n'imentw(u‘ehafc- 
ch(‘d in late March and (iarly April. It is geimrally conc(Mii‘d by (Uitario ()oul- 
tryimm tliat April hatched Barred Rocks give a lower hatch than those hatched 
in February nr March. The males are ndated from pen to ])en daily. Pullets 
are used in preference to hens in that their eggs are liktdy to be a litth^ m(>re difli- 
cult to hatch, other things being equal. 

In cas(‘ of a death of a bird, it is immediately replaccMl by a bird of similar 
breeding so that the })ens are constantly kept up to strength. 

It is planned to conduct the trial for five y(».ar8 which would give data on oiu^ 
hundred Bmiales on (;ach ration being studied. 

The individual ])ens are twelve feet wide and fourteen b^et deep. Then^ an^ 
two glass windows three feet by thr(jc feet six inches in (‘acJi ])cn as w(;ll ;is tw(» 
movable 8cre<‘ns wliicli may be opened on days wlien tloi wciatlnn- ])(^rmits. 'J’liii 
screens are twenty inches square. One is covered with che(‘S(i (dotli and the otluir 
is covered with col-o-glass. The trapn(*8ts, drinking fountains, ])ans, bsid hoj)p(^rs 
jirc the same size in each pen. There should be little or no differonci^ Ijiitwc^en 
the pens. 


The Method of feeding and management. 

In view of the many factors that may affect production and also hatohability 
a system of feeding and irmnagemeiit lias been develoj.ed to control as many of 
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theBe aR poBBible on a measurablo basis. With this in mind, the following feed 
Hchedule was followed 

A. M. — A light feed of grain scattered in the litter. 

Noon — A portion of the mash for each pen is fed moistened. 

Tlie Cod Liver Oil is fed in tliis masli daily. 

?.M.- A lieavy feed of grain was fed in trouglis. 

N.ll. No artificial liglits w(»re used. 

The mash for each pen is fed in hoppers and is available for the bird to eat, 
thnnigliont the entire day. 

All birds confined to the pen for the entire eleven months. 


Rations for experimental pens. 


Rasal Mash to All Pens 
700 lbs. Corn (hop 
500 lbs. Wln^at Shorts 
1^00 lbs. Oat Chop 
10% Alfalfa Meal 
21% Bone Meal 
1 % «<dt 

To the dry nvisli, k(ipt in front of 1 

big,-' 

Pen Amount and Kind op 


Whole Grain Mixture 
50 lbs. Yellow Corn 
50 lbs. Wheat 
Daily amount to each pen — 

A.M . — I lb. in litter 
P.M.- -2 lbs. in hopper 

) birds all the time, was added the follow- 

Protein Other Additions 


2 10% B.M.P. (Buttermilk Powder) 

A 10% B.M.P. 

0 57o B.M.P. + 7}% Fish Scrap 

8 57o B.M.P. I- n% Fisli S(Tap 

10 5% B.M.P. I 107„ Beef Sera]) 

12 5% B.M.P. d- 10% Tankage 

18 20% Beef Scrap 

20 10% B.M.P. 

22 20% Beef Scrap 

21 20% Tankage 

2f» l57o Fish Scrap 

28 15% Fish Scrap 

80 20% Tankage 

82 87% B.M.P. 


U.V.L. (Irradiation) 
Cod Liver Oil 

(vod Liver Oil 
Cod Liver Oil 
Cod Liver Oil 
(hd Liver Oil 


Cod Liver Oil 
(^od Liver Oil 
Cod liver Oil 


A'. /L- U.V.L. (Ultra Viulot Light) half hour irradiation daily except Sunday. 
O.UO. (Ood Liver Oil) 20 oo. daily to each pea ill moiat mash. 
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In addition to tho dry maeli, birds havo free access to 05 rsteT shell, f^rifc and 
water at all times. The weighed quantity < f grain. 2J lbs. per pcm per day, was fed 
on an assumed ratio 50 : 50 mash to grain consumption. By this method any varia- 
tion in food consumption was measured by the amount of dry mash and oysl,t^r 
shell eaten. 

The protein suj)plements wore added on an o<pii valent basis to tln^ basal ?nji,di, 
with the exception of Milk. Small quantities of the basal mash werii wtnghed out 
in separate containers weekly and the animal proteins wore addeil to the various 
groups. 

A chemical analysis of each individual source of pn>tein was diderminetl. An 
e(|uivalcnt quantity of Fish Scrap, Meat Scrap and Tankage was f(Ml on the basis 
of tlieir chemical analysis, as stated previously, with the exception of Milk, of 
which one half of the quantity by weight was used. 

The feeding trials for 1929 and 1930 included two pens on a Milk diet; one 
pen the same as 1928, that is 10% of the mash of Buttermilk Powder and the 
other pen was given 37% of Buttermilk Powder or enough to etpial the animal 
protein of the pens on Fish Scrap and Meat Meal. 

Composition op the rations. 

In Table I is bIkjwii the percentage composition of representative samples of 
each of the protein supplements used in those experiments. Ibqieated analysis of 
different samples of tJie same protein concentrate showed that tli(‘ composif ion 
might vary witJiin fairly wide limits, for instance, the biitt(3rmilk consignments 
aiialyscil varied in crude proieiu content from 29 — 35%. It was, therefore, neces- 
sary to make protein determinations on each new batch of feed and to increase* or 
decrease the amount of the protein supplement in the ration so that th(i total 
jnotcin was kept approximately the same throughout tlie entire experinumt. 
The percentage composition of the mash fed to each pen is given in Table 11 
and is calculated from the percentage eompisition of the ingrcdifoits of the- 
mash (see Table I). To study the effect of adding Cod Liver Oil or Ultra Violet 
irradiation to the Buttermilk Powdtir rations, the total jnotein of tlio8<i rations 
was kept approximatidy the same at 13*5% (i.c., pens 2, 4 and 20). The 

total ])rotein content of the rations planned to compare the dilTenmt prot(5in 
supplements with and without (Jod Liver Oil (Lc., pens 18, 22, 21, 25, 28, 30 and 
32) was approximately 21%. In comparing the nutritional value of the corribina 
tions of these protein supplements (i.e., pens 5, 8, 10 and 12) the totjil protein of 
the rations was approximately 18%. 
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Table I. 

PeroerUage composition of protein supplements. 


— * 

Meat 

Scrap 

Tankage 

Fish Meal 

Butter- 

milk 

Powder 

Semi>8oUd 

Butter- 

milk 

Basal 

Mash 

Moisture 


3-84 

5*89 

6*90 

7*62 

71*25 

9*82 

Onido Protein (N X 6*25) 


66*90 


76*77 


9*90 

12*34 

Killer Extract 


14*58 


3*86 

6*31 

1*66 

4*78 

Crude Fibre . 


1S2 

1*79 

*23 

... 

... 

7*59 

Lactose 



••• 


37*91 



Lactic Acid . 





6*82 

4*60 


T<jtal Ash 


10 61 

20*28 

1763 

847 

1*90 

495 


7() n>8. j^nuiiid Yellow Com. 10% Alfalfa. 

60 lf>8. {Shorts. 2*6% liono Meal. 

30 lbs. (Iround Oats* 1% Iodized Salt. 


Tahlk II. 

Percentage composition of the mash. 


Pen 

Uatioii 

Crude 
l^rotein 
(N X 6*26) 

Ether 

Extract 

Crudo Fibre 

Total AhIi 

2 

B.M.l*. 1 Irradiation 

13*6 

4*7 

6*8 

5*3 

4 

i<»% -i- C.L.O. . 

13*6 

6 7 

0*7 

5*2 

20 

10% B.M.P 

13-6 

4*7 

6*8 

6*3 

32 

3T% H.M.l*. 1 V.L.O. . 

20*6 

0*9 

4*6 

6*2 

18 

20% Moat Scrap | O.L.O. 

20*8 

8*7 

0*1 

7*8 

28 

16% Fish Scrap -f (\L.O. 

21*3 

0*4 

0*3 

6*7 

30 

20% Tankage -f C.L.O. 

21*1 

8*0 

6*7 

8*1 

26 

15% Fish Scrap .... 

20*6 

4*2 

6*7 

6*4 

22 

20% Meat Scrap .... 

21*0 

6*7 

6*3 

7*9 

24 

20% Tankage .... 

21*2 

6*0 

0*4 

8*'> 

10 

5% B.M.P, -j- 10% Beef Scrap -\- 
C.B.O. 

17*6 

7*6 

0*4 

6*6 

8 

6% B.M.P. + 71% h^h + C.L.O. 

17*9 

6*6 

6 6 

60 

12 

5% B.M.P. t 10% Tankage d- 
C.L.O. 

17*6 

7*2 

6*6 

6*5 

6 

6% B.M.P. 4- 71% Fish Scrap . 

18*2 

4*7 

6*7 

6*2 
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I*'obniaiy 

IVfarch 

April 

May 

June 

July 


Month 


* Hours of sunshine 




. 






100‘2'^ 



. 






126*2 j 



. 






163* j 



, 






246*n 









I 263*8 } 



• 



. 



313*2 J 


389*8 houis 
823*1 hours 


• Three years average. 

supplied by the Engineering Dopartment, O.A.C. 

The (hita in roforcnce to the hatoliing power of eggs ia based only upon the 
fertile eggs. All the eggs eandled out as iiifertiles diiriug ineubation brolaui 
for an examination of the germ inside. A small per(*entage ol the total number of 
(^ggs removed at the time of candling as infertile, contained a dead germ of early 
<levelopment. 

For some years observations have been made on the amount of sunshine 
available and its influence on hatchability. 

The following table gives the number of hours of sunshine for tho winter and 
summer hatching seasons. 

From the above foible it will be noticed that the month of July has threo times 
as much sunshine as that for the month of February. There is also a monthly 
increase in tlie amount of sunshine from Pebniary until July. April has less 
than two hundred hours of suiisliino, while May exceeds this amount l)y forty-six 
hours, lienee tho division into the two periods. 


Table IV. 


'howiny fltc iitjl 'fence of Ihc amount and quality of sunshine on (he peranUayc lialehahihiy. 

Per cent, llatchahiiily. 


Ualinn 

February 

March 

April 

May 

•J une 

July 

Milk 

56*3 

56*1 

rti) 

71*7 

72*8 

74*8 

Beef Scrap .... 

51*2 

47*4 

44*6 

55 

08*6 

63*6 

Tankage .... 

10*2 

21*7 

29 

34*9 

18*4 

55 





'ArnilcaLTOHB and live-stock in INDIA 


[II, I. 


8C) 

—The beneficml influence of the amount and quality of Bunshinc iy 
vhi\T\y shown in Table IV. With over two hundred hours of siinRhine the hatch i.s 
incrc'ased 12*7 percent., 10*1 percent, and 5*0 [)er cent, for Milk, Beef Scrap and 
Tankaj,^e. For all three rations alrea<ly referred to, the liatching quality of the 
gaihenid iii May, June and July has been greiitly imiuoved over that for those 
of February, Mandi and April. 

Tlie lack of sunshine during the months of February, March and April may lx- 
siibstitutod for by such well known substitutes as Cod Liver Oil and Ultra Vhdet 
Light. 

The followifig tables contain a summary of three years’ results from sewera) 
raihuis dilTering largely in the kind of jwotein us<}d. In each table the results air 
given for a single probun supplement with and without Cod Liver Oil and also willi 
Milk ainl (.\)de Liver Oil added. 


Table 

Beef Scrap. Per cent, Ilatchohilily. 


K at ion 

Feb. 

Mar. 

Apl. 

May 

June 

July 

•E(?g 

produc- 

tion 

Lbs. feed 
required 
to pro- 
duce doz- 
en eggs 

Average* 
amount ol 
feed con- 
sumed pi 
bird 

1 

Ik'cf iScrap 

51-2 

47-4 

44-6 

66 

68-0 

63-6 

138*4 

7*06 

80*9 

lU-of, C.L.O. . 

ti9*2 

07-1 

59-9 

71*9 

70-6 

72 

164*2 

6*95 

77*6 

Milk, Birf, r.h.O. . 

7C)-9 

75-2 

60 

69*6 

60'5 

74*6 

165*6 

5*87 

81 


* Eleven months only. 


Discimsinn . — A combination of Milk, Beef Scrap and Cod Liver Oil is a more satis- 
factory ration than cither Beef Scrap or Beef Scrap and Cod Liver Oil. When Milk 
and t!od Liver Oil were added to Beof Sera p the egg production is increased tliiriy- 
seven eggs per hen, the hatching power of the egg was much higher for the win ici 
months and over one 2 )ound of feed was saved for every dozen of eggs laid. Tie* 
bciiefieial influence of Cod Liver Oil when added to Beef Scrap is shown ky tlie 
increase in the number of eggs produced pounds of feed required to produce oiir 
dozen eggs and the hatching power of the eggs for all months but more especially 
for tliose* of the 'winter season. It is interesting to note that after two hundretl 
hours of sunshine are available, the Beef Scrap pen produced a much higher 
liatching quality egg. A combination of protein supplements with Cod Liver Oil 
gave more satisfactory results than a single protein supplement with Cod liver 
Oil, 





RESULTS OF THREE YEARS* STUDY OF POULTRY RATIONS 81 

Table VI. 

Fish Scrap, Per cent. Hatchahility. 


Ration 

Feb. 

Mar. 

Apl. 

May 

Juno 

July 

•Kfi« 

produc- 

tion 

Lbs. feed 
required > 
to pro- 
duce doz- 
en eggs 

Average 
,amo\int of 
feed con- 
sumed per 
bird 

Fish 

67*4 

69*3 

63 

60-0 

694 

71-8 

165*4 

6*18 

85*1 

Fish, C.L.O. . 

64-3 

60*2 

50*3 

63*6 

66*4 

67-6 

177*S 

6*64 

83*6 

Fish, Milk, C.L.O. . 

79*2 

74 

.68 -S 

()3*3 

67*9 

G7-9 

166*6 

5-91 

82 


* Eloven monthfl only. -w 


Ihscussion , — Wlieii (Jod Livor Oil is added to Fisli Scrap the e"<^ production is 
increased one dozen e^^s per lien for eleven m(>ntlis and it required less feed to pro- 
duce a dozen ef^gs. A])f)arently the vitamin content has some influeiUM^ oji the 
production. In Jiatcliability Cod Liver Oil does not imju’ove the hatch for February, 
March and April vvlien added to Fish to the same extent that it (lo(‘s wlum added to 
Milk or Beef Scrap. With Milk and Cod Liver Oil added to the Fish Srrs.]) the hatcli is 
greatly improved for February and March and somewhat higlnn* for April. The egg 
production was eleven eggs less per lien where Milk was added to tlui Fish and Cod 
Liver Oil and it required slightly more feed to produce one dozen eggs. 

While the egg production was down eleven eggs on the average for Milk, Fish 
and Cod Liver Oil as compared with Fish and Cod Liver Oil, the hatehing power 
of the eggs was very m\ich in favour of a combination ration. 

Table VTI. 


Tankayc. Per cent. JJalchahility. 


Ration 

Fob. 

Mar. 

Aj.l. 

May 

.1 uno 

.July 

* I^]gg 
pn iduc- 
tinn 

Lbs. food 
ro(| (lin'd 

t«» pt’o- 
diioc doz- 
en oggs 

Average 
amount f)f 
food coii- 
siimod per 
bird 

Tankago . 

10*2 

21*7 

29 

3*1*9 

48-4 

65 

126*6 

7*44 

78*5 

Tank., (!.!..(). . 

27*9 

41*2 

28-7 

39-4 

57-8 

57*6 

167*2 

6*03 

70*3 

Tank., Milk, C.L.O. . 

72 

.58*6 

58*7 

42*7 

55*6 

60*4 

151 

6*41 

80*7 


Kloven months only. 
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IHscfission.- Tankage gave a low egg production, eggs of poor hatching power and 
it required over thirty per cent, more feed to produce a dozen eggs than where Fish 
Scrap was used. (>jd Liver Oil added to Tankage increased egg production thirty-ono 
eggs per hen with almost one and cne-half pounds of feed less required to produce oin* 
dozen (‘ggs. The hatching quality of the eggs was improved for all months but 
still unsatisfactory. A combination of Milk and Cod Liver Oil with Tankage gave 
a fair hatch, but does not compare with the results from the other combination 
rations studied. Not only did Cod Liver Oil improve the hatching power of the 
eggs when added to Tankage but it also increased the egg production materially. 

Table VIII. 


Milk, Pet cent, Halchability, 



* Eleven iiiontliH only, 
t Tw«> year result a. 

X Binla liandled every day except Hunday. 


l)is€(f,ssi<ui. With the addition of Cod Liver Oil to Milk tlu^ Mumbp.r of eggs 
produced was inert'ased, hatchability was improved considerably for the winter 
mouths and h;ss feed was recpiired to produce a dozen eggs. Again it mny bo seen 
thai. ilie amount of Vitamin supplied has not only influenced the hatching power 
of the eggs but nlso the. egg production. By increasing the amount of Milk in the diet 
to .‘17 per ctud. (here was no increase in the egg production although a little feed 
was saved. How(^V(‘r. (he ha(ching quality was higher for all months. Irradiation 
from a Mercur y Quartz Lamp would appear to be more efficient in supplying the. 
necessary Vi(amin 1) than Cod Liver Oil when the results are compared. The egg 
production is low for this pen but in view of the fact that the birds were handled < 
every* day, except Sunday, and carried in a crate to the top floor of the Poultry 
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I^uilding, introduces a point of difEerence in comparing this pen with the other pens. 
It would seem that when Milk is fed at the same lavel as Beef Scrap, Fisli Scrap or 
r.oikage, there is a possible wastage of tliis material. 

Table IX. 


A co^nbination of prUeins. Per oeM. Hatchabiliiy. 










Jed required to 
ice dozen eggs 

int of 
sd per 

Hat ion 







3 

'TS 

o 

g B 

a 

0 o 

to O 

2 'O'p 

1 8:3 

> vS rjQ 


.o 

r* 

March 

April 


June 

•-0 

bl) 

W 

'* 

1 45 -O 

»j 2 

1-^ 

\rilk, Fiah 

58*2 

49*1 

30-9 

! ‘ ■ 

42() 

<)4-6 

()8-l 

141-4 

()-78 

79*9 

\tilk. Fish, 0. 1.. O. . 

79-2 

74 

68-8 

(>3*.4 

07 9 

67 1 

166*6 

691 

82 

ifilk, }3eef, 0- L. 0. . 

76-9 

762 

()0 

690 

r>(V5 

74-5 

165 6 

6-87 

1 

ifilk, Tank., 0. I.. 0. 

72 

68*1; 

68-7 

12-7 

556 

r.o*4 

\:y\ 

6*41 

80*7 


El«'v<‘ii iiinnUis only. 

Discussion. - There are many of i\w o])inion that heavy (‘.gg pro(lu(;tion tends to 
(^crease tlie hatching power of eggs. Tliis does not stM^m to be (he (‘ase wlnni the 
‘.suits for the two diets -Milk. Fish Scrap. Cod Liver Oil, and Milk, Ihicf Scrap, 
hd Liver Oil are considertal. The average prodin'lion for el(‘v»ni niontlis was 1(15 
nd 166 respectively while the per (M*nt. hatchability would averag(‘ over seventy 
or cent, for the February, March and April period. When Tankagt^ is us(mI in placii 
f either Fish Scrap or Beef Scrap, the egg pDMluction is down fourteen i^ggs per 
ird. more feed is recpiired to produce a dozen eggsa.nd t,h(‘. hatching power id tln^ i*.ggs 
; decreased considerably. Twenty -live <‘gg.s more, per he.n are. recnrdi-.d wlie.n (^»d 
liver oil is added to Milk and Fish, almost one pound of feed is sa.ve.d ev^ ry time 
velve eggs are produced and the hatching quality of the. eggs increii.scfl very greatly 
n the more important months to the, hatcheryman. 

A study of the three years summary shown in Table X seems to justify thii 
dlowing conclusions : — 

1. Comparing the feeding value, from the. sLimlfioint of egg pioflnct ion, Fish 
feal, Powdered Buttermilk, Beef Scrap and Tankage, rajd< in llit‘ order named. 

2. The addition of Cod Liver Oil to a single, prote.in supplement increased the 
^g production with all rations tested but much more with Jieef and Tankage than 
ith Milk and Fish. 
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3. A combination of Fish Scrap and Milk failed to increase either the hatcliing 
power of the e^gs or the number of eggs produced. 

4. Cod liver Oil added to a combination of Milk and Fish Scrap; Milk Jiiuj 
Beef Scrap ; Milk Jind Tankage ; did increase botli tJie hatching power of the ejLjas 
sot and tlie numbcir of eggs produced. 

5. It would appear that Tankage fed to poultry alone or in combination is not 
the most desira.bl(; kind of ration. 

T). With a grain ration such as used plus alfalfa meal the addition of direct 
sunshiiu; or sunshine substitutes (a good grade of Cod Liver Oil or Ultra Violet 
Light) is the most important factor in ])roducing good hatching eggs for the rations 
tested. 

7. Vitamin 1) a.p|)ears to be a. very important factor in hatcJiability. Birrls 
honsful in t]ies(‘ f(*c,(ling trials did not get tin; necessary amount, until there was al 
least Ovo ]iundie<l hours of sunshiiu^ per month, 

8. Milk in c.ombiiia,tion with l^eef Sera]) or Fish Scrap togidhcv with (.\»d Liver 
Oil appears to be, t I kmuosI satisfactory feed used, in these trials, win*, re hatching 
pow(u of eggs, minibcr of <*gg . produced and pounds of feed re([nmnl to produce one 
dozen eggs a re coJisiihued, 


Taulk X. 


Nummary of three years resalts. Per eent. Hatclmhility, 
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m\k IVof, (’. L. (>. 

70 9 

7.V2 

(Ul 

59 0 

or>'5 

71-5 

105’0 

5-87 

81 

r)S.'>i 

Milk. I’isli, i\ 1.. (). 

79l> 

71 

")S-S 

0:13 

07*9 

07-1 

niO'O 

5*91 

82 

5730 

Milk, 1 riadiatiou 

71-1 

77-2 

7 1? 

71 

79‘5 

77-1 

139-8 

7-01 

81*7 

4732 

10 ]H'V rriit Milk, (k \. O. 

7;m 

09 9 

00 (> 

51\s 

oni 

05-4 

153' 5 

6-48 

82*8 

5130 

"S? iM*rociil ^rill^, (k L. (). 

7r>-s 

70-7 ! 

or» s 

7M 

so 

73-3 

J53-7 

(i.*07 

77-8 

3082 

Milk, Tnik., (’ L O. 

72 

oSMi 

r»s-7 

42-7 

55- 1) 

00 4 

151 

6 41 

8()'7 

5250 

lloef, (kL.O. 

<)9-2 

07*4 

09-9 

71-9' 

70-0 

72 

164*2 

5*95 

81-3 

6103 

Fish, (;. L. (). 

() 1 a 

()0-2 

r»0 3 


00-4 

07*5 

177-8 

5 64 

83-6 

6575 

Fish .... 

57-4 

r>9*a 


50-0 

09 4 

71’8 

105*4 

6-18 

85-1 

. 5958 

Milk . . . , 

r»oa 

r>r)i 

r>9 

71*7 

72*8 

1 74-8 

1 143*6 

7*05 

1 84-4 

4985 

Ik'l'f Sl Tilli 

r>i*2 

47 i 

11 0 

,‘>5 

OS-0 

1 03 0 

1.38-4 

7*01 

1 80-9 

4683 

Milk. Fish Sio up . , 

58-2 

49*1 

30 9 

42-0 

04-5 

08' 1 

141*4 

6*78 

79*9 

4630 

Tankage, 0. 1,. (). . 

27-9 

41*2 

2S-7 

39- 1 

67-8 

57-0 

157-2 

6*05 

79*3 

5890 

'L’anka^o 

10-2 

21'7 


i 34-9 

48- i 

55 

126-6 

7-44 

786 

4523 


Two years. 



LETHAL FACTORS AND LIVE-STOCK BREEDING 


A REVIEW. 

' licprintcd from tlm Quarterly Bulletin^ Vol. 2, No. .S, July 19.'U, of tin* liuperinl l^uri'an of Animal 
(jciiotii's, Kiii^^’s r.uil(linL;-s, I’nivorsity of Kdmliurii:!!, Sciiiland. ' 

As a craft and as a science, live-stock breeding may bo saiil to consist essentially 
of the maintenance of progress so far and tlie furtherance of the breed towards an 
ideal type of the animal bred ; and tJiis statement is not millified by tlie fact that 
the ideal type may not bo univi^rsally recognised, that it may change from time to 
time or that it may be dudated by fancy or economic reipiircments. To siipphnnent 
this statement we may say also that the live-stock breediT has constantly in mind 
the exclusion from his strains of defects which would vitiali' his attiunjils at posi- 
tive improvemei t, the defeids which are oftmi ndcrnsl to in the nebulous phrase, 
“ the ill effects of inbreeding It is not mxessarv to em])haBise that inbreeding is 
not in itscli detrimental, but we would draw attention to a buv out of the wide 
range of troubles which can be broadly classed as hereditary defects. Tlu‘.s<i may 
vary in expression from tlui death of the. fertilised ovum to some small deflect which 
may prevmit the individual or the strain from competing on the same tiwms in life 
as its fellow's. It is impossible to draw dermite lines of demarcation in the classi- 
fication of such didects, but under the broad heading of letlial and sub-hdhal factors 
may be grouped those hereditary didects which result in the death of the individual 
sometime between conception and a fe.w days after birth. 

The term lethal factiir, iiseil in the geuetical sense, refers \ n the inluTitance by 
an individual, from both parents, of a character which prevents the full and normal 
<ieVelopment of the individual and results in the orgauisnfs death during the early 
stages of embroynic develoiiment or at birth. The characiius which lethal genes 
impose upon tlieir exhibitors are various ; they liave been notiid in most 
species of doraesticateil stuck and it is probabh^ that tlu^y are far mure common 
than is generally suspected. 

There are certain points ill the genetics of lethal factors which are worthy of 
particular explanation. For all practical purposes, hdlial gmies ;i,re recessive in 
their lethal effect, t.e., it is the individual inheriting the bictur in the duplex or 
homozygous condition that dies. The lieteruzygute eiui live* and per]>etuat(; its 
species. A dominant lethal gene would of course be self-eliminating. ffow'eviT, 
the recessive lethal gene may express soim; ilurninaiice of the eharacter associated 

( S5 ) 
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with it, or of a linked character, in the heterozygote, or it may, on the other hand, 
exhibit nothing in the heterozygote which would enable its identification in such an 
individual. Let us consider some examples, such as the lethal factors operating in 
the Dexter breed of cattle, lioodcd canaries and Swedish Holstein-Friesian catth* 
th(i characto of each of wliich will be described later. 

The liomozygoijs Dexter is the bulldog calf, yet the heterozygote exhibits tin* 
same cliaraeier in a much slighter but still very obvious degree, in that the btsisl 
the typical Dexter, is short-legged and geiuirally thick-set. The progeny of Dexters 
not carrying the, factor at all, liave normal length of leg and are indistinguishablt* 
from Kerry cattle. Thus, it is mere human whim which perpetuates this condition, 
for as the heterozygotes are readily detected, they could be easily eliminated from 
the breeding stocks. Naturally, such elimination would mean the end of Dexit i 
cattle as a breed, but that would bo no great loss, for the superior beef qualities of 
the Dexter type do not compensate economically for the loss of 26 per cent, of tli(‘ 
calves and the father disposal of 25 per cent. Kerry type calves. Similarly in hooded 
canaries, the homozygous hooded is nonviable, yet the individuals carrying the lethal 
factor recessively are recognisable in that they are hooded, and the non-hooded 
progeny do not inherit the factor. Here, we are not entitled to assume ^that the 
death of the homozygous embryo is due to its inherent duplex hood, but that tlie 
factor for liooded is one wliich is intimately linked with the lethal gene operating on 
the hoinozygote.s. It is, jierhaps, a “ glimjise of the obvious ” to say that it is 
the fancier’s wish for hooded canaries which perpetuates the operation of the lethsl 
factor. 

Then then^ is the clas.sic examph^ of the yellow mouse of which variety only 
heterozygoles liavo been bnul. At one time it was considered that yellow colour 
was merely link(‘d with the lethal factor operating on the homozygotos, but recent 
thought anil ('xperimentation tend to actually identify the yellow factor with thr 
lethal, because the j^ellow coat colour appears to be chemically concerned with the 
p(^culiar fat metabolism of the, yellow mouse. 

AVe have a very dilTerent position in the example of the lethal gene “ hairless ’ 
in Swedish Holstein-Friesian cattle. The factor is purely recessive, there are no 
linked factors to display an identifying character and the heterozygote is indistin- 
guishable from normal animals not carrying the factor. As will be explained later, 
it is this type of lethal factor which can work considerable havoc in a breed or 
strain, as large numbers of heterozygotes may be bred and distributed wdthout 
detection. 

The genetics of these recessive and semi-recessive lethal factors may be most 
easily niuierstood by reference to the yellow mice, studied so completely by Cuenot 
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(1906-08) and Castle (1910), and the later American investigatois Kirlliam (1917- 
19), Ibsen and Steigleder (1917). It has been already implied that pure sliain of 
yellow mice cannot be bred. Individuals of another colour appear in llie litters to 
the extent of one-third of the number, on the average. 

It was notic(‘able too that yellow mice mated hiter se produced litters that \V(;re 
on an average on«^ quarter fewer than when yellow mice were inateil with mit^e 
of other colours. The conclusion of Cuenot was that the yellow mice whic li inherit- 
ed a constitution for yellow in double quantities (i.c., the homozygotes) perished 
during the embryonic stage. The younger Americans dissected female yellow mice 
pregnant by yellow males and found dead embryos present to the extent of 26 per 
cent, of the total foetuses. 

Yellow X Non-Yolluw 


Yellow X Yellow 

If the “ carrier of a lethal gene, such as bulldog or “ liairloss is substituted 
for the yellow mouse in the above equations, the incidence of expresssion of such 
defects is obvious. 

We will consider in more detail some of the lethal factors noticed in livt^stock 
breeding. 

The lethal factor best known to British breeders is that which rt^sults in the 
“bulldog'' calf of the Dexter breed of cattle. Approximately 25 per cent, of 
Dexter calves are born dead and are monstrous in appearance, their heads, limbs and 
vertebral columns being much foreshortened. Frequently these calves arc aborted 
at the sixth month, but are carried sometimes until the eighth month, when consi- 
derable difficulty is experienced in parturition. A detaile,<l d(‘Hcription of the 
condition {achondroplasia congenita) has been given by Cniw (1924). A similar 
lethal factor operating in certain strains of the S(.*andinavian Tid(?mark bre^Hl has 
been studied by Wriedt and Molir (1925-26). In this breed the, (jalvi^s are carried 
to full term, and are often bom alive, but they die within two or tlircM} days from 
respiratory paralysis as an immediate cause. Malformed calves of seemingly 
analogiious tyjKj have been found in German Holstein-Frie.-iians and described by 
Weinkopff (1927), and it is believed that an Ayrashire herd in Sweden also carries 
this lethal factor. In addition, Adametz has studied the condition in some detail. 


C BO j)er cent, yellow (he^erosygoiiH^iind viiiblo). 

V 60 i)©r cent, non-yellow (viable). 

(^2B per cent, yellow (homozygoiifl, dying as embryos). 
60 per cent yellow (hotorozygnua and viable). 

1^26 j>orcent. non-yollow (homozygous and viable). 
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Hadley and Warwick (1927) discovered a lethal factor in herds of Friesian cattle 
in America. The character of this factor gives the (lalf the appearance of being 
devoid of skin and hair in certain areas of the body, particularly the muzzle and 
feet (epitheliogenesis imperfecta neoncUorum bovis). Death occurs within a few days 
of birth. Studies of the pedigrees of the parents of these calves, showed that they 
all traced to the same foundation stock imported from Holland in 1871. Similarly 
defective calves also occur in Holland in herds carrying the same blood lines. 

Three other lethal factors of cattle have been described in detail by Wriedt and 
Molir (1928 and 1930). One results in the birth of hairless calves, due directly to a 
marked delay in the embryological (levelopm(mt of the skin. Another is exliibited 
in the birth of calves whose extremities— the fore part of the face and the limbs- 
are only nidimentarily present (akroterians congenita). This lethal factor is prescoit 
in strains of Swedish Holstein-Friesian cattle and it is curious to find that another 
lethal found in a Norwegian mountain breed is the reciprocal of akroferiasi^ 
congenita in that the veiiiobral column and thorax are extremely foreshortened 
(‘* short spine ' ) whilst the head and limbs are U(>rmal. The bones abnormal in the 
one type are normal in the other. 

Jjoje (1930) records two examples of hereditary defects in Red Danish cattle, 
one liaving a definitely lethal effect, ('own giving birth to affected calves carried 
them full time, but owing to the large size of the calvc^s birth was dillicult. Large 
quantities of amniotio fluid were passed. The calves were stillb(>rn, death having 
occurred about the eighth or ninth month of gi^station. TIu^.^ were covered with 
short fine hair and were rigid and hard to the touch. The head and neck were 
short, but i^the limbs were of normal length although rigid and distorted. No 
abnormalities were <liscovered in the internal organs. On investigating the pedigree 
of the abnormal calves, Loje found that the dams were all half-sisters siriid by one 
bull which occurred also in the sires* pedigree and wlio apparently carried the lethal 
factor responsible for the defect. 

Thu second case described by Loje is that of a semi-lethal gene causing lameness. 
The calves are born at full term and fully devel )pi‘d but were unable to stand owing 
to lameness of the hind legs. The defect aj)pcared in thre^e different herds of Red 
Danes and only when animals of a certain ancestry were mated. 

Yamane (\925 and 1927) has described a lethal factor present in horses in Japan. 
Post-mortem examination of the foals affected, which died in two to four days, 
showed that the large intestine was completely cut off in the region of its pelvic 
fixture (atresia coli). The immediate cause of death naturally, was that the 
alimentary system' could not function. This lethal was spread in Japan by a 
Percheron stallion imported from the United States about forty years ago, but the 
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same condition has appeared in Gcrmiiny in the offspring of an East-Friesian 
stallion. 

During the eighteenth century, the Royal family of Denmark owned a stud of 
black-eyed wliite horses. When these white mares were mated to white stallions, 
it was ultimately found impossible to produce foals. These mares. thirt(Hui in 
number, mated to a grey stallion produced ten foals. In this instance a hitiud factor 
acting at an early stage of embryonic development gave the impression that tln^ 
inar.es had not even conciuved to the white stallion. This case is typi(^al of the 
kind of lethal factor which may be operating in many of our highly bred strains 
of live stock, where fertility is found to be very low. The a])parent effct is that of 
sterility. 

Rtdierts (19i^(J and 1029) has demonstrated the inheritance of a ietlial factor in 
Welsh iMoiintairi shce[). The ,alTe(*te(l lambs which die at birth or stM)n after, are 
found to hav(‘. limbs rigidly iixed in various positioiis only a slight d(‘gr(u‘ of move- 
mtmt being possible at the joints alTected. without breakage (d tin*, limb. Milhn*. iu 
describing the condition, says that the limb muscles causing the rigidity an*, rei^re- 
sented by musses of librous tissin^ containing less than 50 per cent, of muscle 
fibres. 'Fhe boU(*s of tin*, limbs are normal. This letlial factor \u lambs tends 
towards its own elimination as there is considerable mortality among the ewes 
giving birth to tliese lambs. 

In Norway. Wriedt and Mohr studitul a recessive factor in flie sheep which 
produced many abnormalities, r. //., earlessriess, cleft puJate. shortened lower jaw 
and in many cas(\s a trichotomy of tln^ hoof. The action of this factor seems to ])e 
variable, but in all probability it is a subdedlial. 

In swine there is evidence of the operation of lethal factors when vuuiation.s in 
litter size aiu^ considered. Inbred strains of pigs t<md to give? Rmu.il litters when 
mated within the strain. It miglit be sai<l that tlni waning popularity of the 
Berkshire breed is due to the prevahunje of small litters. y<<tt a Berkshire s<)w mu.t(‘,d 
to a boar of aindlnn breed, say a Largo Whit(i, will give, probably a large viable^ 
litter. Conie.r (1923). Hammond ( 1921 ). Parkes (1926) and Oc,w ( 1925) Jiave give.u 
their attention to litter size in swine, and in post-mortem e.\aminati(nis of p?egiiu,nt 
sows found many examples of atropliied foetuses and cinnimstantial evidence, of re- 
absorbed embryos. Crew noted particulariy that the pnuiatal mortality in swine 
appeared to act selectively upon the digametu^ box. tlie males. Scrotal and mnbilical 
hernia in pigs appear to lx* hereditary <lefect3 acting in a senii-lelhal muunier. 

Mohr (1929) mentions the. existence of a tyfucal recessive siib-lethal in tiie pig, 
though a full paper has not yet been published. The factor, in the horn: ^ygous 
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condition, causes a complete paralysis of the pelvic limbs. The figures of segre- 
gation are in agreement with expectation for a single recessive. 

There is accumulating considerable evidence to demonstrate the presence of 
lethal factors in poultry. Crew (1924) and Landauer and Dunn (1930) have shown 
that it is not possible to breed pure strains of “ dumpy '' fowls as the individuals 
inheriting these (diaTa(!teT8 from both parents in a j)UTe state perish in the 
before liatehing. The dumpy fowl is analogous to the Dexter breed of cattle, in 
tliat it is an achondroplasiac form. Hutt (193<)), and Landauer and Dunn (1930) 
have shown tliat whilst homozygous “ frizzle ” fowls can bo bred, they are much 
less viable than nonmUs or heterozygotes and few reach sexual maturity. 

Dunn (1923) det(3(;ted a strictly lethal gene in the White Wyandotte fowl owing 
to its linkage with a re(!essive white factor in that breed. 

Of more iiumtidiate application to economic poultry husbandry are the results 
of some of the American workers who have investigated the all-important subject 
of hatchability, which, of course, is intimately bound up with the possibilities of 
the presence of lethal factors. 

Jnll (1929-30) has interesting results to offer from analyses of the records of 
the breeding flixtks of Barred Plymouth Rocks, Rhode Island Reds and White 
Djghorns at the lJiiit(id States Animal Husbandry Farm. 

One of liis studies was (M)ncerned with hatchability in relation to the consan- 
guinity of the breeding sto(;k. following one of his previous statements, based on an 
exte/isive 8ui v<iy of tlie literature, that it may be concluded fairly definitely that 
the problem of improving hatchability is largely a problem of breeding”. Both 
fiill-brother-aiid -sister and half-brother-and-sister uiatings were maile and sindi 
matings tended to decrease hatchability by increasing both the percentages of em- 
bryos dying between the l-17th days and 18-2lBt ilays of incubation, but the 
embryonic mortality during the second period was affected to a greater extent. 
The hatchability results were affected most largely in the first year of inbreeding 
ratlier than in successive years, though a general decline was apparent each yofir 
that such close inbreeding was continued. 

In a further investigation, by Jull, hatchability was studied in relation to co- 
efficients of inbreeding of the breeding stock. As the previous study showed, 
liatchability decreased as the coefficients of inbreeding increased. The greatest 
relative decrease in hatchability appeared to occur between a coefficient of inbreed- 
ing of 0 and 12*5. The same coefficients, regardless of the year in which 
they were produced, did not give significant differences in hatchcability results. 
Continuous full-brother-and-sister matings were more detrimental to hatchability 
than full-brother-and-sister matings alternated with half-brother-and-sister matings. 
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Again, the effect of inter'crossing inbred strains of chickens on fertility and 
hatchability was observed. It was shown, in general, that the hatchability per- 
centage increased in the inter-crossed inbred strains above that observed in the 
inbred matings. 

Jiiirs work on hatchability brings us to a consideration of the stu(Iii‘s in em- 
bryonic mortality conducted ])y llutt and (creenwood (1920) at bklinburgh. Nearly 
12,000 eggs wliicJi Jia<l failed to halch were tjxamined. among which were over 5,001) 
embryos which died after the eighteenth daiy. Four major malpositions of the 
embryo were found and whilst one of these in which tlie hea<l is buried between 
the legs definitely prevents hatching, the other three result fatally by reason of 
their preventing j)ulmonary respiration in the embryo, as well as by im^chanical 
hinderance. The suggestion is made that some of the abnormal positions result 
from an incorrect orientation of the embryo e.stablished e^^rly in ch^avage. From 
a consideration of the embryos examined from eggs of the Departmental flock, it 
seemed that the tendency to produce embryos in abnormal positions is a heredi- 
tary one. 

Another cause of embryonk* morlality studied by Iliitt and Greenwood is chon- 
drodystrophy, ^'111(511, without going iui o detailed description, may be looked upcm 
as a comparable condition to that of the bulldog calf in the Dexter breed of cattle, 
altliougli not so directly similar as tlie “ dumpy ” defect in fowls alrea<ly mentioned. 
The affected embryos are typically ac)iondro])lasia<^ Dunn (1927) had j)reviously 
studied chondrodystrojhy in tlie Connecticut Experiment Stat ion flock but its oc- 
c-urren(^e was not nearly s<» fn^pient as in the Edinburgh tlock. Tfie theory is 
advanced that, whilst a ln'-rtalitary pliysiologii al abnormality in tlie dam would 
appear to be, involved, the condition is m(»st frer4uently <ixlnbit(al under snnshim^ 
starvation of the breeding stock. The incidence <d chomlrodysirophy was found 
to be greatest ill January and February and declined steadily to an almost com- 
plete absence in June. 

When it is remt^mbered t hat loss to poultry keepers by mortality among em- 
bryos daring incubation is probably second only to that incurred by diseasi^, the 
importance of the foregoing studi(‘S on hatchability and embryonic mortality can be. 
realised. 

Elsewhere in this issue appears a short paper from Mr. 0. S. M. Kopkirk of New 
Zealand, describing a Inemorrhagic diathesis in certain strains of WJiite L(ighorn 
hens which would appear to be liereditarily transmitted. As far as we know tliis 
is the first notice of such a condition, and it provides an excellent tixample of how 
close observation, followed up by a critical ad hoc breeding experiment, may result 
in the early elimination of the defect. The fact that the defect is not of economic 
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importance in its present rate of incidence is obviously not sufficient reason 
to allow the condition to run unchecked through the flocks. 

The late Christian Wriedt accomplished an immense amount of work in tlie 
identification of lethal factors. In addition to those in cattle already mentioned 
as being due in part to his work, he found that in doves there is a colour modifier 
which reduces red to yellow and black to grey. Yellow and grey individuals seem 
weaker than red and black ones, and if the gene responsible for this reduced 
vitality occurs in conjunction with a certain gene for speckling on the feathers, 
tlicji the young are practically devoid of down and mortality is very high. 

He found also, that the Scandinavian Dunkerhund carries a semi-lethal or 
(l(i{c(it-pro(lucirig fa(!tor. This breed is usually grey with black spots and small 
white markings. On mating two such individuals, half the progeny lesembles 
the ])are.nts in colour, whilst oiu* quarter are brown or black and onci quarter 
white with isolated dark spots. The last mentiomsl group is comprised of tlie 
homozygoti^s of the bn^uM ype and the individuals sliow greatly reduced vitality. 
Tlu^y liavi^ usually abnormally small eyes and oblique pupils, resulting in blindn(‘ss. 
In some instan(‘es glaucoma has been observed and deafness is frequent. 

Kislovsky (1928) has described a hereditary defect in ral)bits charaebu'ised 
by hairh‘ssness and dciccts of the teeth. The. youug affected do not grow 
as rapi<lly as their litter mates and they die b(d(>re n^acliing the age. of one month. 
This (hd(^ct must, therefore, be classed as a sub-hdhal. although, as Kislovsky 
iin[)li(‘S, dca,th is due probably to the mechanical inetlicicuicy of the teetii, rath(*r than 
as a. dir(ict result of the physioI<»gical condition. Hammond, also, has funnd a 
hereditary hairless condition in rabbits, but t]u‘ eifects are not so pronoujictal as in 
Kislovsky’s examples. 

Among cats, as studied by Bamber and tiones. hetal nuMtality among white 
females is very high and it is assiimed iliai tlo^ factor r(*-sponsibh^ for this high 
death rate is linked with, if not hlentical witli. the. factor for white colour, 
which apparently lias a hdhal effect in sonn^ cases, ev^eii wlum in the simplex 
condition. 

We come now to a general consideration of tlu^ importance of the existence 
of lethal factors in the economy of live stock bret'ding. Due to the show 
system, c’ertain breeders and particular animals of their herds have arrived at 
considerable notoriety iluring the last eighty or a liundred years. For instance, 
it would be difficult in these days to find a pedigree Sliortlu^rn beast that did not 
trace back to Cruikshai\k’s great bull Champion of England which was in his prime 
only sixty years ago. Similarly in the carefully kejit records of the German 
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Shephered Dog it would be hardly possible to find one of these dogs wliich did not 
carry the blooil of the great dog Horand von Qrafrath wliich was in service in 1900. 
Thus, where a whole breed carries the blood of one or two outstanding animals, 
undesirable recessive factors sncli as lethals are apt to crop up continuously, even 
though tlie animals homozygous for the factor are eliminated automatically 
or by selection. In the eradication of a defect, or at least its nullification, 
heterozygotes must never be mated inter se. Unfortunately, the only test for the 
detection of the heterozj/gote sire, in the case of purely recessive hdJials, is by 
breeding him to a sufficient number of his offspring. Frecpiently a sire luderozygous 
for an undesirable factor, a lethal, may by the excellence of his parents 

or his success in the show ring be used on a considerable number of heterozygous 
females, resulting in the a])pearance of 25 per cent, of the young exhibiting the 
undesirable character. ^ 

In Northern Europe, to a greater extent than in Britain, bulls are kept to an 
adva.nced age and many are test cal on twenty of their own daiigldtus or to 
niiK^ or t(‘n known heterozygous cows before they are accepted as bi‘.ifig free from a. 
recessive lethal gene and us(‘d as breeders of breeding bulls. This means that a 
bull has r(‘jichcd the, a.ge of about seven years before he has given twenty calves 
with Ids own daughters. To refrain from using a bull for breeding bulls until 
he is seven years old, renders live-stock improvement an even slower undertaking 
than it is at present, but if lethal factors are present in a strain or throughout 
a breed, sucli bre^eding te^sts are extremedy valuable. In addition to emsuring 
tin*, se?h;c,tiou of bulls not carrying the hdhal factor, <*onsid(rabhi data and n^cords 
concerning the; inheritance of other factors such as that for high milk yhdd maybe 
(jollected. Tin; economic ressidt of allowing a lethal to nm uncheckenl in a, lM^rd or 
breed has to b(i considereid. 

As the calf is the main product in beef breeds, the loss of say oiuj calf 
born dead in eight is a very serious matter. M<dir and Wriedt- (1.928) have 
encountered herds losing calv^es in this proportion where a lethal fa, (dor is 
operating. Tn milk-yjroducing animals the calf is not thi^ main objective, but 
from a breeding point of view it is most undesirable to lose the rJuinne of rearing 
all the heifer (calves born. The Danish statistics for 1923 sliovved the* birth of 
86 calves per 100 cows. Say half of these are heifers, some arr^ lost in early life, 
and Fredriksen (1921) sugg(‘sts that 38 viable heifers ])er 100 cows per year is a 
fair output. Usually, round about 60 per cent, of cows in a herd may be 
considered s\iitable for tlie task of replacing heifers into the herd, which means 
that about 20 heifer calves ])er 1 00 are available at first calving to make the re- 
placements ill the herd. This number gives a very small margin to keep up the 
full herd of 100, which means thiit further depletion of heif er calves due to the 
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operation of a lethal factor may have more far-reaching results than the initial 
loss of the calf's carcase may indicate. Elsewhere in this issue of the buUehn is 
abstracted a ])apcr bearing out still further the difficulties of herd replacement. 
Moreover, psychological coiLsequeiices cannot be ignored. The possibility of pur- 
chasing and breeding expensive animals giving rise to monstrous calves and still- 
births is in itself a})t to caiLse apprehension and timidity in a buyer, resulting in 
lower than normal prunes being paid. 

In swine, the large number of offspring per litter allows a smaller number 
than twenty daughter sows to be tested to him. If a lethal is present in a herd 
<)f pigs a boar should be given six of his own daughters and if the defect does not 
a[)pear in any of the offspring he may be accepted as being free of the lethal. 

In sheep, the riiquirements would be similar to those suggested for cattle, 
which would iiuian a ram being three yefirs old before being used for breeding 
breeders. 

Thes(‘. [)r(iv(udive. measures involve consi<lerable difficulties, but in meat-pro- 
ducing aninmls, the consequences of a recessive lethal gene present in the sto(;k 
are sullicienily s(nums to justify tlie adoption of such measures. Breeders, in- 
stead of liiding the preseiu^e of a recessive le.thal in their stock, should keep careful 
records sufficient to assist in tin; detection of tln^ carriers and their ultimate 
elimination. [F. I),] 
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Tbe Importance of the Shape ot Plots in Field Experiments. Basil 0. Christidis. 

J. Agri. Sci. 21, 14-37. 

1. Tn agricultural cxporimonfs it soonis that sii^niticaiit results cannot be secured by only usin;^ 
appropriate statistical methmls ; uniforuiity aintuigst the individual plots is more essential than any- 
thing else. 

2. Some theoretical considerationK suggest that the shape of the jtlots constit.utt*s an important 
means of controlling soil heterogeneity. Tn accordance with these ; (n) in no casj* can sqiiare plots 
be more uniform than long and narrow ones, (/>) the smaller the value w/l the mon‘ uniform the 
experiinonlal plots, and (c) since uniformity dejicnds (apart fnun w/l) on the valm* of the angle 
a, in soino exceptional cases (soil fertility varying gmdually and evenly, and angle a. aj»proac}iing 
DO®) the advantage of the long ]dots may be less than would be nnticij>ated. This, bowi'via*, is 
most unlikely on account tbt‘ «*oinplexity of the variation in soil ebndit ions and ibi* possibility 
of easily avoiding sueb a critical value of t,bc angle a. 

.‘b Fn order to test tlie validity of the assum|>tioii made regarding the elTe< l. of the sliape of the 
plots, the numerical data <»f several uniformity trials have iM^en considi‘rc«l. A close agreement was 
found betwc'cn ox|'(‘eta.tion and actual r»‘sults, In the great majority <*f eases the evidence Ixung 
remarkably signitieant in favour of tin* huig plots. In only three ejises wen‘ llu‘ results incon- 
clusive, this apj>a.'’ently being aeeounted for by the way in wbieb the original plots were furmeil, 
causing an inequality in area amongst them. 

4. In the light of these invest igations, in order to reduce the effect (d' soil liclj'rugeJU'it v, the 
])l(its ns(‘d should be. as long and narrow as possible. This, of eourse, within the limits set 
diiTenuit praetical considerations, amongst wlii(tli conveTnence, coni])cl ition (wherj acting), and the 
a<ruratc measurement of the width appear to be the most important. nHinnnry» | IJc- 

printed from the llerhiKjc AhsfarrLs, Vol. [, No. I, .rune IDCil issnc<l by tin* Imperial ilun'aii of 
Plant Genetics (Herbage I’lauts). j 

Some Studies in Respiration and other Metabolic Activities in Berries o! the Grape 
Vine {Vitis vinifera, Linn,). Jai CirANi) Lutuha, and Indar Sinoii Cihma, 
(Ind, J. Agric. Science 1, 606-714.) 

Although eollsidcrabh^ at.le'ntioii is IxMiig paid t<» the improve.meiit of the grape vine in Ijidia, 
litth; is known about the physiologi(;al aetivities and clietuical coinjM».'*itioii of its fruits. In Ibis 
}>ai)er an account is given of a jirellininary stinly of the Hubjeet from tluise points nf view, d'he 
studies have been made on tlu^ berries of r/ii/Vi/ and 7Vr variidies. 'riie results show that the 
borrios rosj)ired actively during Hie early stages rif gr(>wtli ami the rale, slowed down as beiTics 
grew old. 

The rate of respiration in burie.lies attached to the. plant was almost i'lontb a| with t hose 
removed from the plant. 

( bl i:u h’AL 1 OMPOSITIO.V, 

No starch was f(iund either in the young or in fully de.veb*}K'd henie.s, lb<lue.iug sugar ferm 
the greater paid of the gva|w?.8 and their amcuint inercaseK as ripening proi-eods. In 2<hiys’ old grap<^K 
the amount of sugars was about 1 percent, and in two months' the amount r(>Ke to HS Jicr cent. 

( 95 ) 
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Malic acid and tartaric acid arc the chief organic acids found in grapes. The quantity of 
those aci<lK increases for about 5 weehs. The maximum estimated was 36 per cent. Afterwards 
acidiiy begins to decline rapidly and about three per cent, only is loft in fully matured berries, 
[Authors’ abstract]. 


Studies in Sorghum I. Anthesis and Pollination. 6. N. Ranoaswami Ayyanliau 
A xND V. Panjjijran(M Rao. { Ind . J. Agrio, Science 1, 446-454). 

This niticle records ()l).s('rv!itions made Oil Sorghum for two years iu both summer and main 
season at (’oiinlmtoro. 

The “ ling”, which marks the beginning of the ve})roductive phase, tnki^s six days io emerge. 
The hoot” ami the panicle come oni completely in nine and five days respect Ivcly. bongcr dura- 
tion varieties take longer ilnic. The stilk takes five days to push the pauleh^ aloft. 

'riie topmost llowers In each braneh open first and tlowering spreads down gradually. Among 
the bramdies it proceeds from top to bottom. Tlie ]>aniele takes eight days to finish tlowering, the 
ma.xinniiii number ol (lowers o[M*ning bet ween the third and sixth days. 'The period of ant, lu'sis i^ 
between miilnight ami 10 A.\t. 3’he llowers keep open for forty-five minutes gouerally. 

Anthers emerge ill a column enclosing the stigmas. I)ehis(vnee of anthers is Miimltaneous 
with tii<‘ opening of glumes. Stigmas remain outside eli)>ped between closed glumes. 

redieelled male. Ih'wers are generally abortive. Only the i>airs attaelesl to tin' end hermaphro’ 
dites bear anthers. In huKse paiiiehnl tyjtos no .anthorifm-ous males an' found. .Male ll iwors n])en 
at the close! of the main wave ol the anthesis of lu'rniaplirodites. The glumes of these remain o[H'n 
for a very hmg time, j Authors’ abstract.! 


The Inheritance o! Characters in Ragi, Ekuune Coracwhi, (Ghiertn), Part 1. Purple 
Pigmentation, G. N. Ranuaswami Ayvangar and P. Krls.ina Rao. (Ind, J, 
Agric, Science 1, 135414). 

\ aneties Ilf e are eitber Purple Pigmented or Oreon-througliont. Tln'lMgim nt is of the 
aiitlioeyanin type, ’riie purple jngmented group as three distinct types, viz., Pnrpl.'. Dilute Purple, 
ami lioealised Purple. “ Purple” is the eominonest kind under cultivation and can he readily ns'og- 
ni.s(‘d by the piVM'iiee of purple, pigmentation proiuinenily manifested iu tlm leaves ])etit down hv the 
wind, iu h'af-jiinetions, nodes, carhe.ad.s, anthers and stigmas. In the ’‘Dilute Ihirple” the pig- 
menliition is markedly reduced in the glumes, and is almost ab.seiit iu the nf)di>s, wliih' it is similar 
ti> purple in other respects. In the ” Locali.sed Purple ” the pigmoiitati.m is very much reduced and 
shows faintly iu the glumes on the margins of the sutures after the dtdiiseeuce of the anthers, and 
in the stigmas. The (iiven-throiighout is ehar.aeteri.sed by the crunplote absence of imrple ]»igment. 

As in other eere.als Purjile Pigmented plants .are domin.int to Greeii-tlironghouts in ra^i. 
Breeding tests h.avo shown that in the pigmented types each i.s a single f.mdor advance over the next 
loNver one, and have also revealed the possibility of rlas.sifymg the rfroeii-throughouts into typos of 
vavK^ts kinds of Purple Pigment producing jiotentials. [Authors’ abstract] 
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The Inheritance ol Charaote/s in Bagt, Elensinc Coracwia (Gaertn), Fait 11. 

Grain Colonr Factors and their Relation to Plant Purple Pigmentation. G. N. 

Rangaswami Ayyanoar. P. Krishna Rao, and U. Aohyittha Wariar. 

{Ind, J. Agri. Science, 1, 538-563.) 

Hagi lia.s a characi eristic brown (iDloiir on Mie ^niiii. This br4>\vn is dosignab'd Z? o/r lU’iovn. 
The |>l;^inent is confined to tlio outer lavt*r of tliosei'l-coat. This /Zir/// Brown is [troduccd b^- t wo 
factors Bj and Bo cither alone or together This brown colour of the grain is in niliniatc giMietic 
relationshij) witli I’lant Purple Piginentati<»n. Purple Pigmenbit ion on the plant is jinHlucod by a. 
factor's working ii/assiciation with either or both of the B factors. This accounts for tin* absence 
of white grained ragi in purple pigmented jdants. Snne ra<‘es of white grains carry the factor S. 
(Vosses have been made between white grained plants containing the S factor with brown grained 
(iiven-throughouts, and the resulting Fj jdants were purjilc jiigmented and bniwn graiiu'd. These 
crosses beliaved as exjuvted in later generation.s. 

A fai'tor D that deepens tluMdYect of the B factors bcliavcs as a^ksimple dominant. This is 
iudo]K*ndent of the factors concerned in t he prodm lion of Plant Purple Pigmentation ami is imt. in 
selective associate >n with eith 'r of the B factor.s, ^Authors’ ab.stra.ct. ' 


The Inheritance of Characters in Ragu Eleusine Coracma (Gaertn), Part HI. 
Sterility. G. N. RANdASvvAMi Ayyanoar and N. Khlshnaswamy. {Ind. J. 
Agri. Science, 1, 554-563.) 

(’hroiiic! sterility, short of complete sliM'ility is occasionally mot wdth in rtf///. It inanifesls 
itsi'lf in an almost complete failure to set sc»‘d and gives the earh(‘ads a hlighb'il loolc. Sterile 
plants grow vigorously, tlow(*r late and put forth numerous heads. Tin* aniln'rs lack tin* free and 
qnich protrusion which gives the healthy earheads that fullness chiiractcrist ic of t he bhxnning 
j»eriod. The .stigmas an- healthy and rc(‘et»tive. 

'rin* cause of this sterility is two-fold, (1) a Xon (bdiisci-nce of antlicrs and (2) an Agglntina- 
tloii of pollen. In tin; first tyj)e of sti-rilitv the anthers arc of tin* sann* sh:i))c and si/.(; as hea.lthy 
ones. They arc full of viahle p dlcn graln-^, but tin* antimr sacs d » not tlcliiscc and liberate tln-ir 
<’ontciits. In the second ty])C of sterility a disintcgrati*<l mass of agglnt inat.‘d pr)llcn dcvoI<l (d* 
contents is jirodncc(l. In both the ly})Cs. liowover, a b-\v stray grains dcvi-lopand liclj) to keep tin- 
race going. Normal dcliiscc'iicc occurs with the presence of fa<-t or X. Free pillcn is protluccd ]>y 
factor Y. Both the fact )rs X and Y l»cliave as simple dominants to their absom-e wliich results in 
.sterility. The X and Y factors arc independent of the fa<-tors responsible for Flnnt Ihirph* Pig. 
mentation. ' Anthor.s’ abstract.] 


-Ph« Inheritance of Chsracters in Ragi, Elensine ('ormana (Gaertn), Part IV. 
- Depth ol Green in the Pericarp. G. N. Rangaswami Ayyanoar, P. Kiushna 
Rao and N. Krishnaswami. (Ind. J. Agri. Science, 1. .561-56!).) 

Young growing grain.s of ragi liave generally a (Jrcen Pericarj). Tin* green colour shows 
itself while the grain is still young and coiif inue.s to b.* jmsent even after the growing grain 
passes the milky stage. Ab)ut a week later, it dries olT into a thin lr» »sc greyish trau.sluceiit and 
fairly })ersistant membrane, enclosing the mature grain* 
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A variant of tliis typo lias boon inoi witb. This shows itself as a disiinot li^ht Oreon Perioav)*, 
wliioh in the early staj^es ^ivos a lij^htor tint of ‘^reen oven to the oarhoa<l. The Ureon Peru avp is 
nssooialod with a dry author mass of pale fn*an^o ycdlow and tin* li^ht Clroen Poviearp, with ivory 
yollow# 

The rireen Porioarp ishroui^ht about by thi* prosenoo of a faetor designated f\. and is a simple 
dominant to tin* light Clroi'ii Pi*riearp. This factor (\ is independent of the fa<*tors for Plant 
Pii rph* Pigmentation and (ilrain Colours. [Authors* abstract.^ 

The Inheritance of Characters in Ragi^ Eleusine Coracana (Gaertn), Part V. Albinism. 

0. N. Ranoaswamt Ayyanoar, and P, KRispfNA Rao. {Tnd. J, Agri, Scieme, 

1, 570-577.) 

Albino s<*f‘dlings are sonn'times met witb in raqi» These so<‘dlings in ooiis(*queiioe of their 
being I’omjdetely devoid of (liloropbyP, are oliaraoterized by ])oor growth and slow develojmn'iil 
both of shoot and root. Many of these stop with two leaves while tin* greens of the same age have 
four. Abfiut 0 days aft«*r sowing the h*af tips of the wbii(*s begin to sbrivid npand a day or two 
thereafter the white seedlings begin to die ofl*. 

Py genetic analysis it has b(‘en establi.slied that two factors designated (\ and (\. either alom* or 
tog«>llicr are responsible for tin* production of green colouring matter in tin* ragi jdant. d'lie 
absi'iiee of both the faebtr.s results in a white secslHiig. 

Segregations in the ratio to: 1 have been iddained and this behaviour was eoufirmed liy further 
genera, tious. Pure lines for the factors and liavi* hi*eu extracted. Wlu'u th(*se two were 
crossed the K, was gr(*eu, and in the P._, segregated into the exploded lo ; 1 ratio of greens and whit<* 

- -thus arlifieiallv producing alhino.s. 

'riiesi* faetitVs C, ami are independent of the factor (\ responsihle for tin* pvoduetitin of the 
full green colour in the y<mng ;*rtytlj)erienrp. r Authors' ahstraet. ' 


Some Observations on the Growth of Sesamum wdicMm in Different Soil Conditions, 
with Special Reference to Root Development. Kashi Ram and R. Madhava Row. 
{hid. J. Agri, Science, 1, 71o-717.) 

The ]»ap<‘r deals with the results of an experiment triedVith two tyja's of Semmum inih'cinn to 
find out \vhi<h tyj'e of soil is most suitable to the crop. The t.vjK‘s wen* grown in wire netting pots 
tilled with mixtures of sand and clay in lilTereiit proportions. The ri'snlts showi'd that the sosaninn» 
eroji prefers a light sandy soil fi»r its inaximuin di'velopmi'nt . Authors* ahstraet. 

Silage Investigations at Bangalore, II. Quality and Yield of Silage in Relation to 
Filling Conditions. T. S. Krishnan. (hid. J, Vet. Science and Anim. Ilusbandrif. 
1,259-282.) 

The etTeet of varying the eondit ion of ensilage of Jotoar was studied. Two pits were filled 
ra])idly and two others slowdy and one of «*aeli xvas watered moderately. The surface losses due to 
rotting and similar eauses were inueh more in the rapidly filled ones than in the others. The losses 
in the various pits due to ehomieal action, taking only the good silage, were nearly the same. 
Watering gave the product a better aroma. 

The extensive decomposition of true protein to “amides’*, with the production of volatile bases 
and amino acids and the relationship between the last two prcKlucts was a confinaation of the 
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l»reviou8 work here. The same aj^rooincnt was iioiiceil in the case of volatile and non-volatilo 
..r^anic acids production as well. 

Carbohydrate losses, however, were higher than in the prt‘vions expiuiineni, hut ai^ree with the 
( ’ambridge results. 

There is seen a gi*adually increasing concent mt ion of the soluble suhstamvs towainU the hcttiuu 
layers of the pit owing to llie leaching actii>n of ilu‘ drainage juice. Even silica, an insnluhle 
substance, exhibits this movement. 

It has been found tlial slow filling with watering, if necessary, results in tin* [u-cduclion of good 
silage >vith the least losses in the various constituents. [ Author’s abstract, j 


investigations into the Fluctuations of Milk Yield u^ith the Advancement of Lactation. 

L. S. Joseph and C. N. Dave. (Ind, J, Vet. Science and /him. tlnsband, 

1 , 200 211 .) 

A study of 24 years’ records of the Pusa r(‘digre»‘ Sahiwal herd rcla'^ing to tin* vaiiahilit v of 
milk yield with the advancement of lactation lca<ls to the following t‘onclusions : - 

(1) the total percentage (h'eline in the \iehl is th(‘ hsist in tlu* lirsi luidatioii. 

(2) from the second to the eightli laetaii(»n the averag»‘ jen'eulago «le(‘line in tlie >i»‘Itl 

remains ju’aetieally eonstant ; and 

(II) oil the whole, the average j)ereimta.ge id’ monthly ileeliiie works out at 7 0. 
ft is expected that ihesi' results will he of value to dairvuieii in maintaining a n'giilai' and sti-ady 
su])])!}^ of milk to their eusloinei's and thus over-e<aning the dillieult ie.'. with n^gard to llie suvjduM 
(»r shortage of milk. [Autln'i-s’ uhstraet. ; 


Recommendations of the Bureau of Animal IndUHlry on Problems c! Livestock 
Production. J. R. Moiiler. (t/. S. A, Dept. Agri. Misad. Pub. No. 8: Aug. 
1930 .) 

The bdlowing extracth arc taken From C. S. Dejiartnu'nt of Agriculture iniseellam'ous imhlieation 
No. Si, dated August, 1930, written hy d. K. Mohlor, tin* e\|u‘rieiurd vetorinarian who, as Cliiei 
of Die Bureau of Animal Imlu^'ti’y of tin* Ciiited States (»f Amrrl<*a, lias r(>v<dutiniii/,c«l llio livi‘>to»dv 
situation of that 4*ouiitrv sim-o the 4•oIumen^•enu‘Ilt of tin* I'rcsi nt r.‘utur\. Bring tin* mature 
eoneliisions of a seientilieally trained expert in animal Imshaiidry wlm lias lui'l nniipu* lApcrimre, 
in dealing with the 200 million domesticated animals of tin* I’niO'd States of Anu rira, and 
un])aralleh‘d opiiortunities of recording the re.sults of all kiiuU of hivrding pi'ograniine^ liny are of 
excojitional authority. Br. Mohler’s ■work lias Ihmoi ol immcnve ecoii'niur hioiflit to tlio entire 
community of the United States of America and Ills eoindusiojis, whi« li m.ireover arc in striking 
accord wdih the ]»rinci]des e\olve<l by tlie practical stoek-hrcmlris of old, nii.:lit -.alely be adopted by 
all concerned with livestock imj»ruvement in this eoimtry. 

1. ‘‘Community etVort in raising the same bnM*d or varit-t y of slo« k ofi’.-r' many a«lvanlagns.*’ 

2. “ III general, selection should depend on suitability of a hreeii for loeal reipiiremenls.’' 

3. “ The crossing of established breeds ol livestock of diflVreiil typ«*s siddcm give- the results 
expected and is usually an undesirable I'l’aotiee.” 


h2 
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4. Snnilar iypew of livoKtof*l<, pai*timlarly swii»e, wlicn cross-Wed, often make excellent aniinn 
for j^eneral utility and market j)iir|):»ses, but tlicir olTsiudn;^ have such mix‘*d heredity that they ai 
ju'adically useless in systematic herd improvement. Consistent work with one well chosen hrer 
is more likely to ^ive satisraction and he profitahle than attempts at cl^)ss-hreedin;^^” 

o. “ The e.stahlishrncnt of new breeds of livestock involves years of the most skilful effort n 
well as cxt(‘nsive ivsoun'cs in funds and in lari^c numbers of s])ecially scleided hrci*dliu; animals.” 

d. “ I’crsons inclined t«)wards hreedim' activities alom^ ori-^nnal linos can render m U'e valuahl 
(Ecrvice to tile industry by developinur improved types oF the established br(‘i*ds,” 

7. ‘‘The bureau advises the castration and dehornijii^ of market, cattle.” 

5. “Silos ari' a valuable means nf providin'^ economical and sneeuleiit f(H*d diirini!: wintiu* and a 
times when ])astur(‘s are inadequate.” 

0, “ IleH(‘ar<di by qualified investii^ators is <‘onsid( red th(‘ rno^t satisfactory way to s dve man 
classes of livcstixdx problems.” 

It). ” The jud^nn;^^ of livestock by 4‘ompetent authorities at Fairs, shows, and other exhibition 
is an important, nuxans nf briie^ini; about liiuli standards of e\e( lienee.” 

1 1. “ Accurate statist ieal inforinatioii is an important basis for |»lanniniC livcstotdc operation 
wisely and for verifvimj: or eorreetin*.: one's judi.rment. of conditions beaviiiL:: on the industry.” 

The Diagnosis of “Redwater” (Piroplasmosls) in Indian Cattle. TIucih Coopk 
and P. R. Ktitshna Iykr. (Ivd.J. Vet. Scioiee and A7iinhnl Uvshandry, 1 
296-300.) 

An account is j^iven of tlie existin;^ methods for the dia‘.cnosis of ” redwater” in Tmliau eiitth* 
both duriii'LT l)f<‘ nnd after their d»‘atb and the limitations of these undhods ww liriidly dismiss(‘d. 

Tt is not often p(tssibl(‘ t > diaj^nose piroplasmi».sis in Indian «:ittle, by mieroseopieal examinatioi 
of Idood smears, or by the clinical symptoms re^anhsl as ••baraetc'ristie of the disisise. Nor is it 
possible' to arrive at a correct (‘tiolo'jjieal pOHt-ni()rt(‘:n diagnosis b.ased n})on b'sions deserilx'd in t(‘\ 
boidvs. 

Soim' orijjfinal (bservations made by tin* writers upon morpboloudeal t b no 4 :es disjdayed b\ 
7?. hiffrmtna duriipj: the course of their disapp ‘aiMuee after denib of tlu‘ ]io>t :ire de.-eribed and a? 
aeeeiiini is o^iven of the writers’ method of I'ost-mcrti iii «liaunosis based, in tbi‘ abseuee «if otlie 
lesions, upon a peculiar colour lesiv)n of tie* kidneys. Authors' •.detract.’’ 

Tick Infestation in the Coastal Tract of North Kanara District. H. N. Naik. (hm 
J. Vef, Sse,ie)ioe and Anim'd UnAxindry. 1, 301-322.) 

The writer has carried out aii iiivesti-^ation into the extont ;md iulensity of t.i(dv infestatiou ii 
the coastal tract of North Kanara histricl. and has found that tb- infestation * >»n>iitutes oie* ot 
the most serious see'ur^es that the live-^toid^ owner has to contend with. 

The fidlowiriL: sjxvies of ti«‘ks have been found by him to occur in tin' tract referia'd to : — 

(1) JfaciiKi'physali.s' hi.^pi , , Nbuimann. (2) J/ifcmiphysi! is spiiii ra^ Neumann 
(3) litKtphil vs australis, {V\\Wk^y\ ( t'l Rhipic* pJnl us Aoc;??7/.»'/iy.s*u/ob7' v, Sn pi iio. {'A Amhlyoni' 

rnainiegrum, Karst di, (d) ITyalovuna argyptium ssp is(t'iri, Sharif. 

(.'ertain facts arc discuss, »d concerning: the correlated intlucnee of climatii* ef>nditions on tick 
metabolism and infestation. Tick infestation has been found to attain its behest intensity durin.; 
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wot and liot-daiii]) soasons ; a loin[>oraiuro ''id to 8o®K with a Iniinidity id 70 to 90 per cont. 

has been found to bo tbo o})tiiuuni oondition for tlio aooobiration of tlio nudainorphosis of lioks found 
in tlio tract, tliis boin£^ in I’onru'inity with tbo ‘‘ waior-optiuiuin ” theory propounded by Hoadloe 

^1917). 

Ajiart, from tbo various in jurious elVoets now known to to oaiised by ticks and dealt with at 
N.iino loni^tb in tbo inv^ont paiuM*, tbo writiM’ refers to a. now condition — termed by him, tick toxae- 
mia — which would a[i[)oar to be caiisetl by the toxicity of the saliva injcctiHl by ticks during the 
act (d focdini^, 

I’ho problem of tie.k infestation in N^ortli Ivanara District assumes a luisilion of paramount 
importain-e by reason id the enormous lo^s it. cau-es to the stiK‘k-ownor. 'Tlio avorJl^^5 rate of morta- 
lity duo to it alone has bemi estimated at not less than 6 per c**nt. The ipiiunuennial rattle cimsiis 
for the last lo years has revealed that on account of this infestation there has ]u*mi no ilicavast^ in 
llie cattle i)opulalion of the tract durliiL; this period, in 'pite of tl;e fad, that not more than llH) 
iniinals have been slaui'btered for meat annually and that- more than d,0t'l0 animals have been 
imported every ^car. ^ 

Suj^gestions are made I'cneorniiiLf remetlial and control measures, irudndin^ the introduction of 
irsenieal dips, wliieli liavo ap[»eared to the writer most suilabU} for ailoption in these tracts, havin*,^ 
regard to the economic ei.nditiim id' the people. [Author’s ai'stract. j 

‘ Interim Report on the Immunization of Draft Animals ui Burma against Anthrax 

D. T. Mi'pohell. Superintendent) GooernmnU Printing and Stationery) itangooni 

mo. 

An aeeoiint of oxjierimeiital work on elephant', hulTaloes and cattle. Spore vaccine was made 
from the Ilovine- Vaccine Str.iin n.'.ed at Onder'lej'oort, South yVfriea. Virulent, material was [ire- 
pared from a strain obtained fis ju an elephant, in llurmu. preliminary .'.beep tests showed tlmt 
[he vaccine immuiil/.ed a^^aiiist lotj!) sheep M. li. D, of the virulent material. 

Diirinj^ Milcheir.s al)-'ence from lliinn.a nimdeiMi elepljants were inocuhi, ted. “ 'Pwo developeil 
nrf'c .swellini^s at tlic inocMlut inn site, and one died from e<-mpllen.t in;,; laetor’, ( >u his return 

[o JJurnia Mitchell inoeuhited four mature elephants snhiMitamvU'ly with his .'[tore vaccine. A wjis 
' iven 2 ec. followed hv 2 ec. after 1 1 day sl* 1 * '’• lolloweilby 1 cc.. alter 1 t day.s, (J 2 cc. aFul D 1 ec. 
V received loOn Sheeji M. L. I)s. oj days, and D, C, and I) i-ecei\ed I ' Od M. h. D H7 da.ys aftei’ 
he lirst injection. Kveept fitr a •'li;^ht thermal iv'action after IS hour.' by li and D, all 
icmained lit. 

10<V) .sheep M, \i. l)s. i.f siruieiil material Killed one. L^oat in .dJ lioiirs, another ^oal- in 111) lioiiiv, 
'lie elephant in si\ days atid a .'ceiiud idephanl in 1- da.y.<, 

Mitcliell coFicliides that antlirav vaceim* fi'i-m South Alrlcan liovlne \ ;iccine sti'nin is |’e for 
idephants and i^ives mj jil>solute proteelion ai^.iinsl loDO ^heep .M. L. D. ol vii iiK'nt. ele|ihant si lain. 

The same \aeeinc in do.ses of mie ec, was n.'cd for cat Me and hulTaloc.s, iiicIudiiiL; lacfutin;^ 
;uiinials, witlntiit any ill elfcet. No immunity tests were earried out. <>'. Ikj 
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SUGAR IN JAMAICA 


Accordifi^ to tlic AiinuHl Report of tllf^ Department of Agriculture,, Jamiiicii. 
for the year ended 31 Ht December, 1930, the year under review was a difrieiilt 
period for tlie canc jdantcrs owing to the world-wide depression in trade, tlic diili- 
culfcies of S(dliiig Island produce, the low level of prices which were much bekw tlir 
cost of production and tlie insidlicient rainfall wlucdi was below the average. Ibii 
in H])ite of these dilliculties, a record crop of sugar was obtained. Over 47,090 tons 
sugar was exported during the year, wliich represents one of the largest (jrops siiie»‘ 
thti installation of tlie vacuum pan process in place of the old muscovado system of 
sugar manufacture. The hisses to the planters, liowever, liave been substantiallv 
reduced owing to the bounty of £2 per ton paid by the Colonial Oovernment for 
the crop of I93(i and the pooling of the market for local grocery sugars. The record 
crop of 19)U) is attributi'd to the recent development of large are.as of sugar lands 
in Jamaica by means of decji mechanical tillage, irrigation, the substitution of new 
canes for the old Jamaica cane and the rational use of fertilizers mainly nitrogenous 
in cliaractc.r. The Barbados seedling BH (10) 12, amongst the new canes, has now 
gimendly displaced the White Traiusparent as the standard cane of Jamaica 
P.O.J. 2725, P.O.J. 2727 and P.O.J. 2711 of the, Jiylirid canes from Java have beei 
Huecessful oil many cane lands. During the jiast year ‘ P.O.J. 2878’’ known m 
the “ Wondm* (^iue oi Java has been issued to every estate in the Island and t( 
many small settlers, in Vere the Java cane KM, 28 gave the record yield of 1> 
tuns per acie which is about double the yield of the old estate cane. The Co. 281 
and (\i. 213 were mt found to be promising under the local conditions but it i: 
reiioitiul that a furtlier trial is being given them. 

Mosaic disease i.s gradually decreasing due to more attention being paid by tie 
planters to rogueing and selection of healthy tops for planting and to the increasing 
cultivation of rcAsistant varieties. The P.O.J. varieties are .steadily disiJacing tin 
Uba which was extensively planted for eradication of the mosaic disease. 

At the request of the Sugar Board in Jamaica a special investigation is beiii| 
conducted into the possibility of the utilization of locally made white sugar fo 
preserving and canning purposcAS. (R. 0. Bkivastava.) 

( 102 ) 
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POLLINATION IN BAJRI (Pennisetum Typhoidcum). 

An interesting fact was observed in hajri grown for plant-breeding purposes out 
of the normal season in the month of May, 1931). It was seen that none of the 
unbagged earheads in the field produced any grain, the cause being apparently the 
lack of fertilization ; while those earheads that were bagged produced seed which 
showed distinct improvement in size and colour over what is got in the normal 
monsoon season. Non-fertilization in the unbagged heads was possibly due to thc 
premature withering of the stigmas exposed to hot dry winds. In the bagge<l Iit‘ads 
the stigmas were protected and hence probably receptive. TJie cause of the b(‘ttcr 
size and lustre of the seed produced in these bags remains unexplained. 

With the advent of rains, seed-setting began on tli(\ tillers that were then 
produced, indicating the probable correctness of the theory of the drying of the 
stigmas being one of the causes of non-fertilization in hot weatlior. (D. B. Bauve.) 


GROWTH-RATE OF CALVES AT KANKE FARM. 

The atiiu lied chart shows the growth of <;alves in tin*. Kanke Fa rm herd from 
the date of birth to a year (;ld : the work was commenced in and it is (easily 

seen that there was a very large improvement in 1029 Miougli tin? s(\Lle, of ra tions 
remained unaltered, TiH*> incriNise is jjrohably due in large measun^, to tlu^ greati^r 
interest taken in the care of tlu5 calves as the result of the monthly w^dgliings. 
The figures for 1930, wiiicli of course will not be complete until the <md of the 
year 1931, seem to indicate a still furtlu^r increase. The 1928 (Uirve represents 
the average growth of about 5;*) calves, while the 1929 curve \va,s ol)taine(l from 
about 05 cnlves. 

The lines were obtained as follows : — 

(1) All calves were weighed at birth and theniaftcr on tla^ lirst of ev(uy . 

montli ; they wen^ placed in categories of O-lo. 15-30. 30 '15. <la.ys old 
and so on up to 375 days. 

(2) When the last calf born in each year was a year old. t in*, welglda for all 

the fortnightly i)eriods were totalle<l and avcrag<;d, aiifl tlu^ results 
plotted on scpiared paper. 


(3) A emooth line was then drawn through the points thus ol)tained. 
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Live weight of calves — Kankc Farm. 



Mliglitly itt) l\ih) I (I icing t-v\ provnit y<nr). As rogirJs foihh^r. tlio calves received 
green feed ad hh fro.Q Angnst up t < Deoiabu', but thereafter p.iddy straw was the 
main fodder given to tlnun : the quantity was graduated according to the age of the 
calves, the oldiist group reoeiviiig live pounds per Jiead i)er day. [G. A. Maclean.] 


Calf Diet Sficet -Kanke Farm. 




liHAlN liATKtW 



Age 

Daily milk ration 

Daily allowance 

Composition 

Kbmauks 

Up to one mouth 
old 

(Joiumoacing at J 
of btjdy weight 

liic.roasiug from 

^ lb. at 2 weeks 

Linseed 

•ako 1 [>ai*t 

The milk is fed in 
3 meals iluring 


and iiioroaHiiig 

oM to 2} poumls 

Cereal 

1 M 

Iho first month : 


by Olio pound por 

at buir mouths 

Eulso 

1 M 

in two meals 

>uii inoiitli 

wook, but uovor 
to oxooi'd 12 lbs. 
10 lbs. . 

old. 

Jlrau 

1 » 

during the 2ud 
and 3rd months. 
In the 4th m^.mth 
the evening meal 

3rd „ 

4th „ 

6- 6th „ 

7- 9lh „ 

10-12th „ 

H » . 

4 „ . 

\\ IbsV , 

3i , . 

4 „ . 


•• 

is discontinued. 


Nots. — ^The oereal and pulse fed depends on prevailing prices. 
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REDUCING COSTS. 

All j UtSti uoiit to meet the situiitioii ereiited by low pneeH iUkI (‘osts coiitituu's 
to be the outstamiiug problem with whh;li faniiers arc ;it pieseut hieed. Whatever 
may be the main cause or causes oi' agricultural depression, in seeking a reanedy 
farmers must primarily look to reduced costs of production and pa rticularly of 
distribution. In a recent paper on the economic outlook for agriculture in the 
United States, JJr. Warren ((Jornell) states that if the trouble is over-production 
the charge that extension work and scientitii' research are to blame may have a 
gram of trutli in it, but if, as he himself eoulends, the trouble is mainly nu.metary, 
and if wo must learn to produce at ;i, prolit with prices at pre.-vva r levels and wages 
far above pre-war, then there was never before a time when n^search and education 
should bo pushed with more vigour. Farmers must know how to adjust and aet 
(juickly. The use of improved machinery and greater out|>iit per man are the chief 
means by which the depression can be met. 

JJr. Warren anticipates still lower prices (ixce.pt lor products that are already 
below tlie general piK.e level, lie counsels the Ameri(*a.ii [armor neither to buy 
land nor to work land that d<M3S not giv(i a high output per houi* of labour. The 
farmer should iiave a business large (iuough to eiiijiloy fully all his tim<i and 
that of his (unployees. Ilti must get more busluds of grain and moie pounds of milk 
per unit of labour. Tlic higluii crop yields should b . obtaiiuid by dropping out 
of use tlie lields that do not giv'e. high yields. Sindi holds may l>o us(5d foi’ pasture. 
The li(‘.t(is tiiat ai’(i used for cultivated (-rops siiuuld Ixj w(dMertiliz(5d and W(dl 
cared for. Fertdizers are cheap, but wagijs are high. More, care iu using good seiid, 
attention to disease (;ontrol and tlie like anj essioitial. »Su(jh (diauges m(ian more 
production p(5r man. 

Occasionally, Ur. Waii(jn points out, as in W(‘st«‘.ni Ivaiisas, a K^gioii of low 
yields can be use.d be,eause a new macJiifK; comes iu and makes thti output [xir man 
very higli witli low yiidds. iWcoi hen;, iiow(;ver, high }ields liip tlie, nigion an; V(;ry 
important, l^abour may be math; imne (diicitmt by tie? use, of m.icliine,ry, bub 
labour-saving plans an; olbui th(; more important consid(!ratiou. Methods (d doing 
work at the time, and in the manner, that make an hour c(Miiit for tin; most are of 
unusual value. 

The discKJpaucy b(;twe(;u producers’ prices and consumers’ pric«;s is, he cousi- 
ders, particularly severe on agiicultuie because the farimu, as a rule, buys n;tail and 
sells wholesale. It is, therefore, all-important that farmers should attempt to get 
nearer to consumers and to whole-salers when, njspectivdy, sidling and buying. 

When in the past nearly all the time of human be.ings was spent iu obtaining 
bare necessities, quality of food was not very important, but decade after 
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decade as the proportion of income that goes for food is reduced, the increased 
buying power is in part spent on choicer foods. Even in the general depression 
that prevails there is a demand for quality. 

Finally, Dr. Warren pleads that agricultural colleges should take an active 
part in studying distribution. The colleges were originally biological institutions. 
When farming was a liomti industry the problems of production were the primary 
ones. Tlie rising price level, from ll’OO to 1920, also made production particularly 
important. Now the 8ul)j(*cts of F;irm Management, Marketing, Prices, Account- 
ing, and Public Affairs are as important as production. [Reprinted from tJie 
Journal of l/ie iMinistry of AyricuUure, Vol. XXXVIII, No. 6, September 1931.] 

MANY NEW RECORDS IN EMPIRE BUYING.~EMPIRE MARKETING 

BOARD’S REPORT. 

An Active Year. 

A steady increas(5 in the sales of Empire produce in the United Kingdom is 
recorded in the Annual Report of the Empire Marketing Hoard just published. 

“ The growing habit of buying from witliin tiie Empire has attai?ied an impetus 
in the UnitcMl Kingdom ”, states the Report, “ which even the world-wide economic 
depression has been jxiwerless to retard 

Twenty-two commodities, drawn fnmi four Dominions a.nd sev^eral Colonies, 
were noted ill ilie Annual Report of the Empire Marketing Hoard for 1928-2!) as 
having been imported into the Unite<l Kingdom in the pn^vioiis two seasons in 
greater (|uantities than e,ver before in their histories. Again, the Hoard’s Annual 
Report for l92!)-30 showed that twenty-live new recor<ls had biam set up, in the 
year then under revieAV, by’’ Empire foodstulTs, as regards volume of imports inU) 
the United Kingdom. Nearly half thesis did even better in the year now being 
considered, wJiile a further substantial list of Empire foodstuffs established records. 
Apples from (/anada and from New Zealand rt^ached this country in record quanti- 
ties in 1!)39, as did bananas from the Hritish VYest Indies, butter and clieese from 
New Zeahiml, coffee from Ikitish East Africa,, cm rants from Australia, eggs from 
Australia and »South Africa, grape fruit from South Africa and Palestine, lamb from 
New Zealand, oranges, peaches, plums, sugar and wine from South Africa, pears 
from no less than four Dominions, and tobacco from India. 

A iiumbt^r of other foodstuifs are also mentioned in the*. Report for whi(‘h, while 
the 1929 record was not reached in 1930, the last year’s imports surpassed all previous 
years, except 1929. These include Australian raisins aiul sultanas, New Zealand 
frozen pork, Ceylon tea, Australian sugar and British Malayan canned pineapples. 
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Changes in Public Taste. 

The people of tlio United Kingdom are proving I heinBe.lves steadily more 
willing to buy from within the Empire. Many factors liave combined to bring 
about this encouraging result. First, more scientitic attention is being paid to-day 
than ever before by Empire producers to the need for supporting tlic natural high 
cpiality of tlieir goods by grading and orderly marketing in all its brandies. 
Secondly, distributive traders of all kinds in the United Kingdom liave shown 
themselves wholeheartedly resolved to furtlior the progress of Empire buying along 
sound economic lines. Tldrdly, the contact between prodneera overseas and whole- 
sale and retail traders in the Uniteil Kingdom grows steadily closer. Fourthly, 
consumers in the United Kingdom, men and women, are becoming more aware of 
the excellent and wide range of Empire products and of the importance of Empire 
buying. 

Extensions Rkcommended. 

When the Imperial (conference met in 192G, the Board was only a few montJis 
old, so tlie Confermice of li)3() was the first to be held since the lh>ard began act ive- 
ly to perform its functions. The (^inference passed the Board under review and 
adopted a number of resolutions alfec.ting its present an<l future activities. Purvey- 
ing tlie Board’s work since its inception in lt>26 tJie Confenmee expressed itself as 
satisfied that it is valualile to tlie (dmmonwealth as a whole, and recommended 
its continuaiKc audits extension in certain dire(!tions, notably in the spheres of 
mafki^t intcllig(‘iic(^, statistical surveys and market promotiem. TIu; (Jonferemo 
noted and ajiproved tlie Mmpire Marketing Ihuml's programme of n?Kear(‘h, involv- 
ing c(nnmitments approaching £2,000, from the Em[>ire Marketing Fund, as 
well as indepfunlent contrihutions by Empire (jovernments. 

A Regional “ Pales Dkivk 

Another extension of what may be reganled as tlie Board's morci directly 
commercial activities in the litdd of Binpini marketing is instanced in a special 
campaign which was undertaken, at the beginning of 1031, iu Jjancashire witJi a 
view to increasing tfu? sales of Jiome and oversc,a Fmpire butter in tJiat area. Ifere 
long established prejudice in fav<mr of caske<i butters of pale colour was held to b<i 

too deeply entrenched to permit aii eil'ective distributioJi being made of Empire 
butters, particularly tliose from Australia and New Zealand. The Board diicided 
that, as large siipjidies were availabhi of butter of first-rate quality from these 
Dominions, an effort sliould he made to oven-ome this sales resistance by a definite 
appeal to the distributive trades. TJie Board, therefore, called into consultation 
the London Managers of the Australian and New Zealand Dairy Produce Boards 
and invited their co-operation in a concerted ellort. 
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An niiico was accordingly opened by the Board in Manchester early in January. 
Calls were made, in the first instance, upon the importers and wliolesalers in Liver- 
pool and Manchester and their co-operation in the scheme secured. 

The Board’s officers then proceeded to call upon every retailer in Manchester 
and certain other Ljincashire towns in order to inilueiice those who did not at 
present stock Bmpire butters. The results of the campaign have been remarkably 
successful, 2,940 shops out of G,620 visited wore selling Empire butter wlion the 
campaign began, while, before it closed, the number had risen to 4,903, an increase 
of 2,000 shops selling llimpire butter. The close co-operation of the two Dominion 
Dairy Produce Bosrds umpiestioiiably contributed to this success. Tliere is clear 
evidence that the old prejudices against boxed butters have btion broken down— it is 
hoped permanently. The experience gained in this experiment of employing 
travellers without samples in close co-operation with the representatives of the 
oversea producers encourages the Board to beli(ive that they have here a field 
capable of considerable extension, indications suggi^st that tlie continued use of 
the three methods of approach, which have been a feature of the past year’s work 
in the Ibdd of marketing promotion, may m iterially coiilribiite to the Board’s 
success, 

PuBLicriY. 

Eight methods of publicity have again been used. 

First, advertisemeuts have been inserted in tiui national press and in trade aaid 
local papers. 

Secondly, posters liave been displayed on the l,75i) frames distributed over 450 
towns. Tlie sets of posters have been ebangeal seventeen times in the year. 
Hoardings were used at Birmingham. Ibiproductionsof suita])le posters with lea (hits 
were issued to 22,Ot)l) scliools iu tlu5 United Iviiigdoin which had a pplied for tlicni. 

Thirdly, display material lor shops has again been sent i)ut and liedlels, both 
for housewives and for schools, have been issued in great tpiantities. 

Fourthly, lectures have be,cn given. 

Fifthly, wireless talks to houscvwivtis liave been anMiigtjd, by l ouitesy of the 
British Broadcasting Corporation, folhiwiug which 20,000 individual applications 
were received for h*,atlets. The Chairman of the Board and of tlie Research (IraiitB 
Oomniittee both gave talks in connection with the Board’s work. 

Sixthly, the Board has taken part, oxtonsivoly, in exhibitions and shopping 
weeks. 

Seventhly, meetings of business men, traders and producers have been ad- 

dressed. 
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Eiglithly, the distribution of lilni^ through theatrical and other channels has 
been developed. 


The Board’s Metuods. 

Each of the methods liitlierto employed by th<‘. Board for Ihe furtherance of 
Empire marketing lias again proved valuable in 1930-31. Tlu^ ]>olicy of making 
grants for scientific researcli work in the United Kingdom and in the ovtusea. Empire 
lias been continued. Economic investigation and market enquiries have been 
carried out on a more intensive S(‘ale ; and publicity, in all its branches, has b(aui 
used to popularise the wisdom of Empire buying. It has always lu^en the Board s 
view, in every Empire country. Empire buying begins at h<»me ; and the fact that 
t.he ])roducers of the Unitial Kingdom hav<^ first claim in tlieir own count ly on the, 
hmne. consumer has. as always, been .stressed in t he Board h appeal. 


MaUKK'I’ iNTETiUCJ K.NCK. 

The importance of collecting information as to supplh^s of Empire, and foreign 
comm()diti(‘S a.vaihibh‘ from week to week, and of diss(‘minat ing such infoimation 
as widely as possible among hhnpire producers and others coucauiual in Empire, 
trade, luu. b<M3n fully appreciated by the Board. Tlie issue of wiuhly noi(\s for the 
fruit and dairy produce trades lias been extcnd(‘d. Tlie la,tt(T include figures, 
hitlierto unavailable, of butter in cold storage, and these ]ia.v(^ mad(; ])ossibl(^ a, study 
of the consumption of importcMl butter, which in the first five months of 1931 was 
found to liave risim by about 14 pin* cent , over the correspond i?ig iMohul of previous 
year- -an increase almost (uitindy (hwivinl from Empire soiin i's. 

(h ) N S I TM K us’ P K K (•’ K K 10 N( 5 10. 

The Board's machinery for testing the dilTering market rerjuiriUiHUils of the. 
United Kingdom lias been exlendi'd and a number of investigations ha,V(‘. laam con- 
ducted and their findings mad(‘ av^ailabh*. to priohn'ers and otJifus coucerne.d. 
Experimental shijiments of Empire, commodities wliicli might find a. market in the 
United Kingdom have been organised in cooperation with the authorities in tJie- 
countries of origin. 8tudieH of wastage in transit have been made. 

Two Empire Shops. 

The year has been notable for oiit.standing activity in this fudd. The expmi- 
ments tried at Glasgow in tlie jirevious year of f)o]aila.risiiig ami extending the sah*, 
of Empire produce by the ojxuiing of a sliop, in whif-Ii samj)Ies W(ue sold to tin* 
public under conditions which secured the goodwill and co-operation of ihe trades 



110 AQBIOULTUBB AND IJVS-STOOK m IKD [H, I. 

proved definitely succesfifuL A similar shop was, therefore, opened in Birmingham 
in January of this year, and plans are under consideration for acquiring the tenancy 
of other shop premises in various centres for periods not exceeding six months. 
These shop experiments have the merit of affording an opportunity to Empire 
countries in turn of making a special display of their produce in surroundings which 
are designed to stimulate public interest and under conditions which, thanks to 
the keen interest taken by the distributive trade, are likely to bo productive of 
permanent results. The temporary establishment of an Empire shop in a particular 
district also provides a centre at which the publicity and marketing activities 
both of the Board and of the Qovernments concerned can be strikingly concentrated. 

The Collective Consumeb. 

The Importance of securing the practical interest of the large buyers of food- 
stuffs, such as local authorities, institutions, hotels, shipping companies and other 
bodies which undertake catering on a large scale, has been recognised from the out- 
set, and tentative steps to develop this field of activity have been taken on more 
than one occasion. During the past year the Board felt justified, as a result of the 
experience they had gained since their formation, in beginning serious effort 
in this field. A special staff was, accordingly, appointed to call upon local author- 
ities, after suitable introduction, and to discuss with them the extent to which their 
purchases of Empire goods might be increased. This experiment has already 
proved to be fully juatihed. The reception accorded to the Board's officers by 
local authorities all over England and Wales has been most encouraging, and some 
two hundred authorities have invited the Board to submit suggestions for incor- 
poration in their tender forms, when these are under revision. The new forms of 
tender become operative, in the majority of cases, on the 1st April. It is too early 
yet to judge of the full effect of the changes which have been made as a result of 
the advice tendered by the Board, but there is no doubt that the purchasing power 
of local authorities is in course of being mobilised in the interest of Empire trade in 
no uncertain fashion. 

INDIA BYTHE ENGLISH SEA-A FRONT WINDOW SEEN BY TENS OF 
THOUSANDS -EMPIRE MARKETING BOARD’S LATEST SHOP. 

Another front window in England has been filled with Indian produce. This 
is at Blackpool — in many ways the most remarkable seaside centre in the old 
country— where the Empire Marketing Board have opened a shop for the holiday 
season. The two previous Empire Marketing Board shops have, been in Glasgow 
md Birmingham and have carried on, for six months each, the good work of putting 
Xndian prodrice directly under the eyes of old count:^ {tousewives. Striking success 
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ai tended Ihose ventures. Now, at Blackpool, a new experiment has been launched. 
The aim here is to catch crowds from all the many scattered industrial towns of 
Lancashire and Yorkshire who flock to Blackpool when the “Wakes” are in full 
swin". 

Blackpool is th(^ Mecca of North countryfolk on lioliday. and snch is its reputa- 
tion that it draws thousands of visitors from the Midlands and tJie South as well. 
That is why the Em]»ire Marketing Board have chosen a central site on the st^a front 
and just by the famous Tower, and are handiiijr these commanding glu^p ])remi8es 
"to tlnr Km]>ire countries, in turn, to display their j^oods, and sell samples and, by 
every kind of ent(»rprise, to extend their markets. 

India’s tenancy of the Empire Shop coincides with a. great (li8j»Iay of illumina- 
tions, wliicli are attracting more visitors than ever to this fovourite seaside town. 

TnJ)TAN enkkgy. 

It would be unpoHsfble to o])en shops in every industrial town. The expense 
and the strain on staffs would be ]>rohibitive. But. in Black jaxd, visitors from 
Wigan and Batley, from Halifax and Preston and from a wider area still. ])ass 
Ihnaigh betweim July and October and none of them can miss the Ein])iro shop. 
There they are invited to test the ex<*ollen<‘e of Indian prodin e and. if th(‘y approve 
(and who doubts that they will ?) to mak(^ it part of their daily slu>pi>ing when their 
holidays oTid and the trains or charabancs take tln^m home. In the first week of 
India’s disjday inoF(‘ than (>.0t)0 samples of Indian produce were sold. 

The. liulian show is a triumph for the energy and experience of tlu*. officials of the 
office of the High C'Omniissioner for India who have "^tage<l it and it has had a good 
S(‘iid-off ’■ from the Mayor of Blackpool who wclcomeal Mr. William Luun. the 
Umhu-Secretary of State for Dominion Affairs, at the opening. 

Nobody wlio has not seen the masses of people. thi<*k on the wide sands, uj) and 
down the several mih\s of front and in the (morriious ph^asiire resorts, like the 'rower 
and tile Winter (lardens. can picture what Blackpool is like, at this season. No 
Em])ire shop window ever opened on to such a scene before. This is a imicjue 
chaiK'o for India and full advaiitige i.s being taken ol it. | Fiiom a (a>KRKSi*()Ni>i.:NTj 
Bi.aokpool, England.) 



Personal Notes, Appointments and Transfers, Meet- 
ings and Conferences, etc. 

The Council of State has under rule 1 (12) of the Rules and Rec^ulations of the 
Imperial Council of Aj^ricailiural Research elected Iho TTon'ble Dc.wan Bahadur 
G. Narayanaswiimi CJietti Oarii. C. T. E.. as its re])reS(Ui1ative (Ui the IinptTial 
Council of Agricultural Rrsearch in the vacancy caused by llu* a])])oinlment of the 
Hor/ble Sir P. Ibiniaswaini Aiyar, K. C. T. E., as a teni])(»rary member of tin* 
Council of the Oovornor-Ceneral of India. 

Sia PuiisHOTAMDAS TuAKruDAs, Kt., C. T. K.. lias b(“i*n nominated by the 
East India Cotton AssiH-iation to b(‘ a nuinbcr of ti e Tnd'an (Vnlial (btton (^uie 
mitte.e. B(»mbay, vm' Major W. Ellis Jones resif^n(‘{l. 

m 

The services of Mr. P. If. Rama Reddy, I. A. S.. (Ma,dras) have be“n re.])hice.d 
at the disposal of the. Indian Centra.1 Cotton Commit tei*. lhiml)ay, for aj^pointnumt 
as Dejaity Secretary to the (hunmittcc. with eflVct from the foiciKam o! tlie Hhtli 
July 1931. 


In modification of the Edneation, Health a-nd Lands Dc]>a.rtin(mt noiilication 
N<». r>93-Agri,, dated the !)th A])ril 1931. Dr. E. J. F. Sliaw. Imj orial F('o?u.uni(* 
Botanist, Piisa, lias been f^ranted leave on avera^^* jiay for (> n onihs and r> days, 
combined w’ith leav<^ on half average pay bu’ 24 days, witli eifec < fiom the iifternomi 
of the 18th March 1931. 

Mr. W. Smi'I’H, Tmperia] Dairy Exptut lias been uranti'd leave on av(*ragt‘ 
])ay for 1<5 <hiys, with eih et fiom the 20th Se])teinb(‘r HlSl. and has been ])» rmitted 
to retire from stM viee <»ii t he cxj)iry of the leave, fc.. with ellVct from the 12th 
()(‘tob(*r 1931. 

Ml?. Z. R. Koiii.WAiA, Assistant to the Im])erial Dairy Kx])ert. has been 
appointed to a(‘t as Imperial Dairy Ex]»eit. with etTe« t fi4im tl i irih S(|tini1ar 
1931. 
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Dr. B. B. MundkUr, M. A., Ph. D., lias been appointod on probation as 
Class II Assistant in the My colof^ical Section of the Impel ial Institute of Agricuh 
tural Research, Pusa, with efTect from the forenoon of the 11th S(*.pteniber 1031. 


Mr. F. J. Shirlaw, M. R. C. V. S., Professor of Pathology and Bacteriology, 
Punjab Veterinary Collc'go, has been appointed as Temporary First Veterinary 
Research Officer, Imperial Institute of Veterinary Kesea.rc.h, Muktesar, with cffi'ect 
from the afternoon of the 17th June 11)31. 


Madras, 

Rao Sahib Y. Ramaciiandra Rao, M. A., F. E. S,, Xm revtu'sion to service 
under the Madras Government, has been appointed to bo Entomologist to tlie 
Government of Madras, Coimbatore. 

Dr. T. V. Ramakrishna Ayyar, B.A. (IMad.), Ph. 1). (Stanford), F. E. S., 
F. Z. S., Olkciating Entomologist, on relied hy Rao Sahib Y. liamachandra Rao, 
has been appointed to be Lecturer in Entomology, Agricultural College, (V)iinbatore. 


Mr. M. C. Clieiian, B.A. (Mad.), B. Se. (Edin.), I). T. C., on relief by Dr. T. V. 
Ramak/islina Ayyar, has been appointed to be Assistant Entomologist, Coimbatore*. 


Mr. V. Ramanatlia Ayyar, L. Ag., Superintendent, Agrimiltural Research 
Station, Koilpatti, an<l officiating (kdton Sp<*cialist, on return from h^ave, has becui 
appointed to officiate as Superintendent, Cotton Breeding Station, t’oimbatore. 

Mr. R. Chock.'ilingam Pillai. L. Ag.. Suj)orint<in<lont, (-'otton Breeding Slution, . 
Coimbatore, on relief by Mr. V. Riinianatlia Ayyar, low Ixton appoinfed lo ofbeiafe 
as District Agricultural Officer, Tinnevclly. 

m 

Mr. D. Balakrislmamurti. Dip. Agii., Deputy Director of Agriculture, .Second 
Circle, has been granted leave on average sjilary for two montlis and five days 
preparatory to retirement with effect from lltb October 1931. 

1 
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The following officers ha/e been appointed to be members of Madras Veteri- 
nary Service with effect from Ist August 1931 : — 

(1) Mr. C. Suryanarayana Murthi, 6.M.V.C., Acting District Veterinary 
Officer, Kajahmundry. 

(2) Mr. T. S. Alagappa Pillai, G.M.V.C., Acting District Veterinary Officer, 
Madura. 

(3) Mr. A. L. N. Somayajulu Pantulu, G.M.V.C., Acting District Veterinary 
Officer, Nellore. 

m 

Bengal. 

Khan Sahil) Saiyifl Sultan Ahmad, Officiating Director, Civil Veterinary 
Department, lias been granted leave on average pay for five months with effect 
from the 16th Oc.tober 1931, or any 8nb6C(|uent date on which lie may be rclievtd. 


Punjab. 

Sayed Riaz-iil-lfassan, P. V. S., Assistant to the Professor of Pathology at 
the Punjab Veterinary O.dlege, Lahore, has beeiigranfed study leaves for one 
year, combined with leave on half average i)ay for 15 months from IGth S'epl(mber 
1031 to the 16ih DccembcT 1933. 

The services of Khan Bahadur M. Falch-ud-Din, B.A., M.B.A.S., A.R.H.S., 
I.A.S., Deputy Director of Agriculture, Jullunclur, have been placed at the disposal 
of the Government of India for a period of three months, with effect fiom the 26th 
July 1931. 

Mr. H. G. Sadik, B. A. (Oxon.), Extra Assistant Director of Agriculture, Jiillun- 
diip, has been appointed ofliciating Deputy Director of Agriculture, Jullundur, 
with eltect from 25th July 1931, vice Khan Bahadur M. Eatoh-ud-Din whose services 
have been placed at the disposal of tlie Government of India. 


Major E. M. Nicholl, O.B.E., M.R.C.V.S., Research Officer, Civil Veterinary 
Department, Punjab, Lahore, resigned his appointment with effect from 28th 
September 1931, forenoon, on the expiry of his two months and 18 days' leave. 



jPERSONAL NOTES, APPOINTMENTS, ETC. 116 

Dr. R^mji NaTciiQ, D.So. (Pb.), Assistant tj fche Agricultural Chomist to Gbveru- 
ment, Punjab, Lyallpur, has boon granted combined leave for two years with effect 
from 22nd September 1930. 


Mr. P. N. Nanda, M.R.O.V.S., Assistant Siiporintcndont (Stock), Government 
Cattle Farm, Hissar, has been transferred to Ambala with e IT 3ct from 28th July 
1931 (forenoon). 


Mr. R. R. Ghiilatl, M.U.C.V.S., Su[)erintendent, (Jivil Veterinary Department, 
Ambala Division, Ambala C;nitoninent, has been transferred to Hissar with effect 
from Ist August 1931 (forenoon), 


IVihar mil Orissa, 

Mr. P. G. Malkani. llesearcli Ollpjer and Professor of Patliology and Bacteriology 
of the Bihar aipl Orissa Veterinary (Jolhige, has been ap[)oiut(Ml to Ix^ a member of 
the Bihar and Orissa Agricultural U(5Soar<;h (Jomniittee in placid of Rai Sahib Priya 
Nath Das. 


iUiniral Provinces, 

Conseciueiit on the ab )lili ni with elTocI; frojii tlie 1 1 l-h August 1931, of the 
temperrary post of D<‘-puty Suporiuteudent, (hvil Veterinary Department., created 
fr)r the Serum Simultaneous m(*,thod of iiiocuilatioii for rinder|)<5st. Mr. M. James, 
G.M.V.C., Officiating Deputy Su[)erintendent, Civil Veterinary Department, has 
been reverted to his substantive post of Veterinary Inspector. 



REVIEWS 


“Amchi Sheti (Our Agriculture), a Marathi book, by K. S. Kulkarny, B. Ag., 
Assistant Professor (jf Agriculture in the Poona College of Agriculture. Arya-Bhu- 
shiin Press, Poona. Price Ks. 3. 

There lias be<oi reeeutly a healthy development of literature in Indian languages 
concerning agriculture and the sciences underlying it. Books on gardcuiing, insect 
jxist^ and vegijtjible culture have appeared in the past few years. With a view to 
encourage this excellent movement and also to provide reading matter of a useful 
kind for those who had just left school and taken up a vocation, the Covernmeiit 
of Bombay in appointed a committee to make proposals for suitable books, 

outline their contents and select authors. This committee on agriculture was one 
of three dealing with literature in general. There were two others, one si^ecially 
viharged with the subjects of History and Geography, and the other with the subject 
of Domestic Science. Financial assistance on a deliiiite limited scale was given by 
Government to the authors on completion of their work. 

The book uiid(ir review wliich has been written under tliests condition is a c(jm- 
preliensivo but not unduly large work in the Marathi larjguagc on agriculture in 
general. The author, one of the professorial stall in the Poona Colhige of Agricul- 
ture, has had much experience of the subjects with wliich ho deals, and also of 
modes of presenting agricultural knowledge both in the lecture room and in Marathi 
journalism, as he has been editor of the Marathi agricultural magazine Shetki ani 
Shetkari ’’ (Agriculture and the Fanner) for several years. In the general pUm of 
the work, soils, their nature and treatment are first dealt with. This naturally 
brings in the (question of implements. Then the other factors in the environment 
of crop plants are treated, e.^,, water, manuTe, diseases, etc. A very useful section is 
devote J t(» farm accounts, a subject that is generally ignored. Then follows a 
section dealing witli each crop individually, and a linal chajder o n village sanitation. 

The arraiigomoiit is thus logical and scientific. The treatment of each section 
combines local experience of existing practices with the best suggestions of modern 
science. There is no blind application of scientific knowledge because of its 
mere modernity, and there is no rejection of traditional wLsdom on account of 
its mere autifjuity. Tlie book is a happy blend of science and practice, which is 
after all, what ngriculturc itself should be. 

The book which coiLsists of about 300 pages crown octavo has been printed by 
the Arya-Bhusliau Press, Poona, and is copiously illustrated. The price of the 
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book (Rs. ?#) i,s very modorato considering its size, its make-up, and tlie authorita- 
tive nature of its coiileuts. [W. B.J 

Herbage Abstracts, June, 1931. . 

The first nuruber of the new <|uaiterly publication — Herbage abstra(;ts (d the 
Imperial Buniau of Riant <Jeiieties : Herbage Plants, Agricultural Buildings Abery- 
stwyth, Wales, has just been received. This publication will dc^al with Jierb;ig<‘- 
and certain forage crops not only from the point of view of the plant breeder but 
also from that of tluj agronomist. Such subjccl^i as field trials, seed production, 
weed control and all aspects of grassland and pasture management will he dealt 
with TMtluir fully, while inform ition regarding morphology, physiology, tu ology, etc., 
will 1)0 introdiujod wloin it is considered desirable. Eacii Jiuivlxu* will also contain 
a section of miscellaneous notes, short extracts from oilicial reports and proceed- 
ings of conbironces, which might be of value to tlui worker on herbage and forage 
crops and general grassland. 

At tnesent the majority of the papers and reports abstracte,d deal with the 
more timiporato r(‘gioiis but, as the stu<ly of tropiciil grasslands and forag<‘, crops 
develops, it is lioped that it will be possible to supply more information for siudi 
conditions. The subscrijition for Herb ige Abstracts is i,v. 6d. ptu* copy or 4 sliill- 
iugs for the year LD3i (3 issues only) and tJiercaftor 5 shillings 2 )er annum for 
four issues. [D, M.J 

“ Lucerne Inoculation, and the Factors affecting its Success ” by 11. G. Tjioentun, 
D, So., Imperial Bureau of Soil Science. Technical coimnunication No. 20, 30 pp. 
H. M. Stationery Ollice, i6’. Gd. net. 

Dr. Th(n*ntou is the Chief Bacteriologist of Uothamsted Experimental Station, 
England, and more than any other woiker, lie has been instrumental in advancing 
the successful use of bacterial inoculation in the growing of lucerne in England. 

The booklet contains a short summary of the researches that led up to the 
discovery that the enrichment of nitregeii ill the soil, following the growtii of a 
leguminous cro]), was due to the action of iiitrogen-lixiug bacteria in the root 
nodules of the legumes. It lias fiirtiie.r been shown that the pnisence of tJic bacteria 
is essential for the healthy growth of tlie Jiost jilant, and the freipient failure of 
lucerne, undci apfiarently suitable soils and climatic conditions, is often attribut- 
able to tJie absence of the necessary organism from tlie soil. The idea of “ inocula- 
ting unsatisfactory soils dates back to 1887, but it is only recently that the 
practice has come into prominence, owing to tlie success following imiiroved 
methods of technique in the jneparation and ax)x>licatiou of the bacterial cultures. 
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Dr. Thornton gives full details of both the scientific and practical aspects of 
modern lucerne inoculation, with some remarkable figures illustrating the success 
of its use in England. Similar success has followed inoculation in many of the 
Dominions, although carefully controlled experiments have not been made on any 
large scale. Dr. Thornton believes that there is great scope for its use overseas, 
especially in tropical countries. 

The Commujiication should receive the serious attention of all interested in the 
growth of lucerne. 



NEW BOOKS 

On Agriculture and Allied Subjects 

Agricultural Progress. Vol. VIII, 1931. Pp. 1G9., (London: Ernest Bonn, 
Ltd., Bouverie House, E. C. 4) Price 5s. not. 

Progress in English Farming Systems — V. A Pioneer of Progress in Farm 
Management. By C. S. Orwin, Agricultural Economics Research Institute, Ox- 
ford. (Oxford : The Clarendon Press.) Piico 1^. 6d. net. 

Co-operation in Danish Agriculture. By Ilarald Fabar. An English Adap- 
tation ‘ Andelsbevoe gelsen * ‘ Danmark by H. Herkel. New Edition. Pp. xxji 
-|-188. (London, New York and Toronto : Longmans, Green and Co., Ltd., 1931.) 
95. net. 

An Economic and Financial Analysis of Sixteen East Ai^glian Farms, 1927-29 : 
with special refei cnee to the Economic. Aspects of the Rationing of Livestock, 
By W. H. Ki]hpaiji(k (Lnivcisity of Ci mbiidge, Depaiimont of Agriculture, 
Farm Economics Branch : Report No. 17). Pp. 30. (Cambridge : W. Holler ami 
Sons, Ltd., 1031.) Is. net. 

Vegetable Crops, By Homer C. Thompson. Second Edition. Pp. 5G0 (New 
York: McGraw-Hill Book Co., Inc; London : McGraw-Hill Publishing Co., Ltd., 
1931). 265. not. 

Gardening day by day tlirougliout the year. By Phili]) West. Pp. 214. 
(London : Harold Shaylor, Ltd,, 1031.) 35. Gd. net. 

Perennial Gardens. By H. Stuart OrtloiT. Pp. vid 88. (Now York : The 
Macmillan Co., 1031). 55. 6d. net. 

Honey Craft : in Til tMuy and Practice. By J, A. Lawson. Pp. xii | 228 119 
plates. (London : Chapman and Hall, Lid., 1031.) G5. net. 

The Principles of Dairying , Testing and Manufactures. By Henry F. Judkins. 
Second Edition, revised by Richard W. Smith, Jr. (The Wiley AgriciJtiiral Series.) 
Pp. xvji+322. (New York : John Wiley and Sons. luc. ; London: Oliapman 
and Hall, Ltd., 1031.) 155. net. 

Australian Dairyman's Handbook. By Ralph S. Maynard. Witli contribu- 
tions by many of the most eminent Experts in Australia. Pp. xx f GOO. (Sydney: 
Angus and Robertson, Ltd.; London : Australian Book Co., 1031.) 455. net. 

An Introduction to Plant Physiology. By W. 0. James, Pp. vxri-(-2C0. 
(Oxford : Clarendon Press ; London : Oxford University Press. 1031.) Is. Od. net. 

Plant Physiology : with reference to the green plant. By Edwin C. Miller, 
Pp. xxiv+900. (New York : McGraw-Hill Book Co,, luc. ; London : McGraw-Hill 
Publishing Co., Ltd., 1031.) 355. net. 
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[II, I. 


Life Movements in Plants. Edited by Sir Jagadis Chtinder Bose. (Transac- 
tions of the Bose Research Institute, Calcutta, Vol. 6, 1930-31.) Pp. vi+211. 
(London, New York and Toronto : Longmans, Green and Co., Ltd., 1931.) 18^. not. 

Text-book of General Biology. By Waldo Shumway. Pp. vm+361. 
(New York : John Wiley and Sons, Inc. ; London : Chapman and Hall, Ltd., 1931.) 
165. net. 

Heredity. By A. Franklin Shull. (McGraw-Hill Publications in the Zoolo- 
gical Sciences.) Second Edition. Pp. xv+345. (New York : McGraw-Hill Book 
Co., Inc.; London : McGraw-Hill Publishing Co., Ltd., 1931.) 155. net. 

The Philosophical Basis of Biology : Donnellan Lectures, University of Dub- 
lin, 1930. ByJ. S. Haldane. Pp. x-f-169. (London: Hodder and Stoughton, 
Ltd., 1931.) 75. ed. net. 

Laboratory Manual of Physiological Chemistry. , By Marion Fay and Meyer 
Bodansky. Second Edition, revised. Pp. ix 1-260. (New York : John Wiley 
and Sons, Inc. ; London : Chapman and Hall, Ltd., 1931.) 105. net. 

Recent Advances in Anal}tical Chemistry. Vol. 2: Inorganic Chemistry. 
Editor : C. Ainsworth Mitchell. Contributors : Norman Evers, B. S. Evans, S. G. 
Clerke, W. R. Schoeller, A. T. Etheridge, Brynmoor Jones. A. R. Powell, Janet 
Warden Brown, J. W. Haigh Johnson. Pp. xiv-1-152. (London: J, and A. 
Churchill, 1931.) 165. net. 

Agiicultural Engineering. By T. B. David^ion. Pp. vi+396. Illustrated 
(New York: John Wiley and Sons; London: Chapman and Hall). Price 175. 
rd: net; 

The Reclamation of Limd from the Sea. By F. M. Duplate-Taylor, M. Inst. 
C. E., M. I. Mech. E., M. I. Struct. E., M. Cons. E., M. Soc. I. C. (France). 
Introduction by Sir George L. Conitliope, Bart., M. C., M. P., D. L. Pp. 153-f83 
figs. (London : Constable & Co., Ltd. 1931.) 215. net. 

Land Drainage and Flood Protection. Bernard A. Etclujveny. Pp. 327. 
(New York : McGraw-Hill Book Co., Inc. ; London : ]\IcGTaw-Hill Publishing Co., 
Ltd., 1931.) 165. net. 

Elements of Practical Statistics. By. F. H. Harper. Pp. xrx-)-324. 
(London and New York. Macmillan and Co.) Price IO5. 6d. 

The following publications have been issued by this Department since the 
last issue : — 

Review of Agricultural Operations in India, 1928-29. Price Rs. 3-2 or 65. Cd. 

Catalogue of Indian Insect^. 

Aluoitidae (Pterophoridae), by T. Bainbrigge Fletcher. (Part 20). Price, Re. 
1-64). 

Lycidae, by R, Kleine (Part 21). Price, Re. 1-2-0. 

Phaloniadae and Chlidanotidae, by T. Bainbrigge Fletcher. (Part 22). Price, 

As. 6. 

MaiPC-Sl-IU-7-71— 20.1-32-^1,260, 



PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA. 


TO BE HAD FROM 

THE MANAGER, GOVERNMENT OF INDIA CENTRAL PUBLICATION BRA^BCH, IMPERIAL 
SECRETARIAT BUILDING, 3, GOVERNMENT PLACE, WEST, CALCUTTA : 

AND 

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS. 

A compile list of the publications of the Imperial Department of Agriculture in India can bt 
obtained on application from the above-mentioned. 

The following are the publications of the last two years 

Scientific Reporta of the Agricultural Resi'arch Institute, Pusn (inchuling the Reporta of tho Imperial 
Dairy Expert, the Physiological Chemist, Govennuent Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year 1927-2S. Price, Hs. 2-(i or 4.<. .V. ^ 

Scientific Reports of the Agricultural Rewarch Institute, Pusa (including the Reports of the Imperial 
Dairy Expert, Physiological Chemist, (Jovernment Sugarcane Expert, and Secretary, Sugar 
Bureau), for the year ] 928-29. IVice, lt.s. 2-8 or 4.'». tW., for the year 1929-30. Bs. 3-8 or 6«. 
Review of Agricultural Operations in India, 1920-27. I^riee, Rs. 2 or 3.v. 0(L 
Review of Agricultural Operations in India, 1027-28. IViee, Rs. 2-6 or 4s, 3d, 

Review of Agricultural Operations in India, 1928-29. Priee, Rs. 3-2 or 5s, 6d, 

MEMOIRS OF THE DEPARTMENT OF AORICULTURE IN INDIA. 


Vol. XVI, No. 

IV. 

Vol. XVI, No. 

V. 

Vol. XVI, No. 

VI. 

Vol. XVI, No. 

VII. 

Vol. XVIT,No. 

I. 

Vol. XVII, No. 

II. 

Vol. XVII, No. 

in. 

Vol. XVII, No. 

IV. 

Vol. XVII, No. 

V. 

Vol. XVII, No. 

VI. 

Vol. XVIII, No. 

I. 

Vol. XVIII, No. 

II. 

Vol. XVIII, No. 

III. 


Botanical Series. 

Further Studies of Indian Grasses and Grasslands, by W. Burns, d.so 
(E dn.), L. B. Kulkarni, M.Ag. (Bom,), and S. R. Godbolb, b.so' 
(Bom.). Price, Re. 1-4 or 2s, 3d, 

Studies of Sugarcane roots at different etages of growth, by Kao 
Bahadur T. S. Venkatraman, b.a., and R. Thomas. Price, As. 13 
or 1^. 6d. 

Studies in Indian Pulses : I. Lentil {Ervum /f w? Linn.), by F. J. F. 
Shaw, d.sc., a.r.o.s., f.l.s., and Kakhal Das Bose, b.sc. Price, 
He. 1-10 or 2.<f. 6^/, 

Pythium aphanidcrmaiutti (Eds.) Fitz. on Opuniia Dillenii Haw., by T. S. 
Ramakrishna Ayyar, m.a. Price, As. 8 or lOt/. 

Non-dehiscence of Anthers in Punjab-American Cottons, by Trevob 
Trouoht, m.a. Price As, 4 or 5d, 

Studies in tho Wilt Disease of Cotton in the Bombay Karnatak, Scries 1, 
by G. S. Kulkarni, M.Ag., and B. B. Mundkur, m.a. ; with an Intro- 
duction by Haroltt H. Mann, d.sc. Price, Ah. 9 or l.v. 

Cotton Wilt, by Jehanojr Fakdunji Dastur, m..sc. Price Re. 1-4 or 
2.^. 3d. 

Studies in Inheritance in Cotton, by Muhammad Afzal, u.sc. (Agri.), 
A.l.C.T.A. Price, As. 14orl^. (id. 

Cotton growing in India in relation to Climate, by Trevor Thought, 
M.A., and Muhammad Afzal, b.sc. (Agri.), a.t.c.t.a. Price, As. 12 or 
Is. 3d. 

Effects of eumo Meteorological conditions on the Growth of Punjab- 
American Cotton, by Trevor Troiwjht, m.a. l*rice, As. 7 or 9d. 

The Calculation of Linkage Values. A Comparison of Various Methods, 
by Mahbub Alum, m..sc. Price, Re. I or 1#. 9d. 

Root Development of Rice under different conditions of Growth, by R. L, 
Sethi, m.sc., b.sc., m.r.a.s. Price, As. 14 or 1«. 6d, 

Studies in Indian ()il-.seeds. No. 3. Carthamus tinctorius Linn. The 
Types of Safflower, by Khan Sahib Abdur Rahman Khan. Price,. 
As. 4 or 5d. 
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VoL xvra. No. IV. 

Vol. XVni,No. V. 

Vol. XVra.No. VI. 

Vol. xvni,No. vn. 

voLxyra,No. vm. 

Vol. XVm, No. IX. 


Vol. 

XIX, No. 

I. 

Vol. 

XIX, No, 

II, 


Vol. 

X, No. 

II. 

Vol. 

X,No. 

III. 

Vol. 

X, No. 

IV. 

Vol. 

X,No. 

V. 

Vol. 

X. No. 

VI. 

Vol. 

X, No. 

VII. 

Vol. 

X, No. 

VIII, 

Vol. 

X, No. 

IX. 

Vol. 

X,No. 

X. 

Vol. 

XI, Nos. 

I&II. 

Vol. 

XI, No. 

III. 

Vol. 

XI, No. 

IV. 

Vol. 

XI, No. 

V. 

Vol. 

XI. No. 

VI. 

Vol. 

XI, No. 

VII. 

Vol. 

XI, No. 

VIII. 

VoL 

XL 



Botaoictl Soios— 

Studies in Gujarat Tobaccos and their Improvement, by V. M. Majuik* 
BAB, B.Ag. Price, As. 12 or Is. 3d. 

Studies in Indian Oil-seeds, No. 4. The types of 8uamum indieum^ by 
Kashi Ram. Price, He. 1-8 or 2s. 6d. 

Classification and Study of the Characters of the cultivated Rices in the 
United Provinces, by R. L. Sethi, m.so., b.sc., m.b.a.s., and Baxjabti 
Pbasad Saxena, L.Ag. Price, Re. 1-10 or 2s. 6d. 

The Inheritance of Characters in Rice, Part III, by K. Ramiah, L.Ag. 
(AftLdras), M.sc., Dip. Agri. (Cantab.). Price, As. 14 or Is. 6d. 

The Inheritance of Characters in Rice, Part IV, by K. Ramiah, L.Ag., 
M.sc., Dip. Agri. (Cantab.), S. Jobithabaj and S. Dhabmalihoa- 
mudaliar. Price, Re. 1-6 or 2s. 3d. 

A Leafspot Disease of Andropogon Sorghum caused by Cercoepora Sorghi 
E. & E., by T. S. Ramakbisunan, m.a. Price, As. 10 or Is. 

Studies in Cnjanua indicus, by D. N. Mahta, b.a. (Oxon.), r.L.s., and 
B. B. Dave, L.Ag. Price, Re. 1-14 or 3s. 3d. 

Studies in Indian Pulses, (2) Some Varieties of Indian Gram (Cicer arieti- 
num Linn.), by F. J. F. Shaw, d.so., a.b.o.s., r.L.8., and Khan Sahib 
Abdttr Rahman Khan. Price, Re. 1-12 or 3s. 


Chemical Series. 

Soils of the Punjab, by Db. P. E. Lander, m.a., d.sc., a.i.o., Db. Ramji 
Narain, D.bc., and Mehta Mokand Lal, b.sc., L.Ag. Price, Rs. 3-14 
or 6s. 9d. 

Adulteration of Butter and Ghee with Animal Fat and Vegetable Ghee, 
and its Detection, by Phanibhusan Sanyal, m.sc. Price, As. 5 or 6d. 

The Application of the Antimony Electrode to the Determination of the 
pH value and the Lime Requirement of Soils, by W. H. Harrison, 
D.sc., and P. N. Vridhachalam, b.a. Price, As. 6 or 6d. 

Some Digestibility Trials on Indian Feeding Stuffs, IV'. Some Punjab 
Hays, by P. E. Lander, m.a., d.sc., a.i.c., and Pandit Lal Chand 
Dhabmani, L.Ag., B.sc. (Agri.). Price, As. 7 or 9d. 

Some Digestibility Trials on Indian Feeding Stuffs, V. Feeding Trials 
on American and Indian Cotton Seeds, by P. E. Lander, m.a., d.sc., 
A.I.C., and Pandit Lal Chand Dharmani, L.Ag., b.sc. (Agri.). Price, 
As. 7 or 9d. 

Some Digestibility Trials on Indian Feeding Stuffs, V'l. Green Fodders 
and their Silage, by P. E. Lander, m.a., d.sc., a.i.c., and Pandit Lal 
Chand Dharmani, L.Ag., b.sc. (Agri.). Price, As. 10 or is. 

A new Method of Di.sjK'rsing Soils for Mechanical Analysis, by Amab Nath 
Puri, m.sc., ph.D., a.i.c. Price, As. 5 or 6d. 

A Study of Capillary Rise of Water under Field Conditions, by Ashutosh 
Sen, m.sc. Price, As. 5 or 6(/. 

Silage Investigations at Bangalore, by T. S. Krishnan, b.a. Price, 
As. 10 or 1«. 

Studies in Soil Colloids, Part 1 — Base Exchange and Soil Acidity; 
Part II — ^Factors influencing the Dis^^ersion of Soil Colloids in Water, 
by Amar Nath Puri, m.sc., ph.D., a.i.c. Price, Re. 1 or is, 9d. 

Feeding Experiments at Hosur, 1926, 1927 and 1928, by F. J. Warth, 
M.sc. Price, As. 7 or 9d. 

The Nutritive V'alues of some Typical Indian Hays*, by F. J. Warth, 
M.sc. Price, As. H or 6d. 

The Nutritive Value of Gram Husk, by F. J. Warth, m.so., and I. at. 
Chand Sikka, b.sc. (Agri.). Price, As. 6 or 8df. 

Studies in Soil C'oUoids, Part HI : Flocculation of soil colloids, by Atitaii. 
Nath Puri, ph.D., m.sc., a.t.o. Price, As. 7 or 9d. 

Studies in Soil Colloids, Part IV ; Methods of estimating soil colloids, by 
Amab Nath Puri, ph.D., m.sc., a.i.c. Price, As, 6 or 6d. 

Studies in Soil Colloids, I'art V : Methods of deter mining saturation 
capacity and degree of saturation of soils, by Amar Nath Puri, ph.D., 
M.so., A.I.C. Price, As, 3 or 4d, 


Eatomologicsl Series. 

A List of the Generic Names used for Miorolepidoptera, by T. Bainbbicqb 
Flbtoheb, B.N., V.L.S., F.B.8., F.Z.8. Price, Rs, 3 or 5«, 3d. 
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■ntomelociMl 

• A Contribntlott towardg oar Knowledge of tlie AUyr<didm (White FUei) 
of Indiop by Kabam SnroR, m*so« ; A New Gocoid injarioos to Fruit 
Trees in Bolaehistoa, by F. Laiko. Price, Re. 3-2 or 5e. 6d. 


Bacteriological Series. • 

Tol. II» No^ IV* The Influence of Exchangeable Iona in Soil Colloida on Bacterial Activity 
and Plant Growth, by N. V. Joani, b.a., m.so., L.Ag. and A. N. Punt, 
M.sc., rii.n., A.i.o. Price, As. 7 or 9d. 


Veterinary Series. 

Vol. IV, No. IV. Nasal Granuloma in Cattle in Bihar and Orissa, by Rax Sahib P. N. DaSs 
Price, Ae. 3 or 4d. 


Bulletins issued by the Imperial Institute of Agricultural Research, Pusa. 


llo. 187. 

No. 188. 
No. 189. 

No. 190. 

No. 191. 

No. 192. 

• No. 193. 

No. 194. 

No. 193. 

No. 196. 

No. 197. 

No. 198. 
No. 199. 

No. 200. 

No. 201. 

No. 202. 

No. 203. 

No. 204. 

No. 205. 

No^ 206. 

No. 207. 


The Production of Cigarette Tobacco by Flue-Curing, by F. J. F. Shaw, d.so., A.B.O.S. 

F.L.S., and Kashi Ram. Price, Re. 1 or 1.9. 9/i. 

Design for Farm Buildings, by Q. S. Henderson, n.d.a., n.d.d. l*rico, As. 6 or 8d. 
The Improvement of Dharwar-American Cotton by Hybridization, by R. K, Kvlkabni, 
B.Ag., and T. R. Khadilkar, B.Ag. Price, Rs. 2-2 or 4s. 

Description of a New Species, Dipylidium coins n. sp., with a Note on tho Genus Dipyli* 
dium Lduckart, 1863, by Amab Nath Gulati, m.sc. Price, As. 6 or 84f. 

Agricultural Implements and Machinery at Pusa, Part I : Cultivation Implements and 
Machinery, by G. S. Henderson, n.d.a., n.d.d., and Arjun Sinou, L.Ag. Price, 
As. 12 or is. 3d» 

Agricultural Implements and Machinery at Pusa, Part II : Harvesting and Threshing 
Implements and Machinery, by G. S. Henderson, n.d.a., n.d.d., and Arjun Sinoh, 
L.Ag. Price, As. 6 or Sd, 

Agricultural Implements and Machinery at Pusa, Part 111 : Special and Miscellaneous 
Implements and Machinery, by O. S. Henderson, n.d.a., n.d.d., and Arjun SinoH, 
L.Ag. Price, As. 9 or Is. 

Agricultural Implements and Machinery at Pusa, Part IV : Power Implomonts and Maohi* 
nery, by G. S. Henderson, n.d.a., n.d.d., and Arjun Sinqh, L.Ag. Price, As, 12 or 
U, 3d. 

Some Diseases of Crops in the Andaman Islands, by M. Mitra, m.sc., f.l.s. Price, As. 4 
or 5d. 

The Cotton White-fly {Bemiaia gossypiperdOf n. sp.), by Rai Bahadur 0. S. Misra, B.A., 
and Kabam Singh Lamba, m.sc. Price, As. 10 or 1«. 

A Contribution to our knowledge of South Indian Coccidse, by T. V. Ramakrishna Ayyab, 
B.A., Fh.D., F.z.s. Price, Rs. 2-12 or 5s, 

The Production of Oranges in Spain, by W. Robert.son Brown. Price, As. 6 or Sd. 

The Problem of Rinderpest in India, by J. T. Edwards, d.sc., m.b.o.v.s. Price, Re. 1-4 
or 2s. 3d. 

List of Publications on Indian Entomology, 1928 (compiled by the Imperial Entomo* 
legist, Pusa). Price, As. 7 or 9d. 

Soraeporium Paspali MoAlp. on Paapalum scrobiculatum L., Kodra Smut, by Abdus 
Sattab, b.sc. {Ag.). Price, As. 8 or lOd. 

List of Publications on the Botany of Indian Crops (compiled by F. J. F. Shaw, d.so., 

A. B.O.S., F.L.S., and Rakhal Das Bose, b.sc., f.l.s.). Price, Rs. 3-8 or 6s. 

Tho Description of a New Fluke found in the House Crow {(Jorvus spltnde'iis), by V. R. 

Phadkb, o.b.v.c., and Amar Nath Gulati, m.sc. Price, As. 3 or 4d. 

A Method of increasing the Maiiurial Value of Bono Phosphate, by N. D. Vyas, L.Ag* 
Price, As. 8 or lOd. 

The Grain-shedding Character in Rice Plants and its Importance, by S. G. Bhalbbao, 

B. Ag. Price, As. 12 or Is. 3d. 

A New Method of Estimating Total Carbonates in Soils, by Amab Nath Puri, m.8o., pH.d., 
A.I.O. Mce, As. 3 or 4d. 

list of Publications on Indian Entomology, 1920 (compiled by the Imperial Entorno* 
legist, Pnsa). Price, As. 10 or Is. 


z 



WMat in Indi^ 1)y Aibi^t H6vabx>> A.B,0.9.f Bnd dABBiXLMl li. 0. Howabd» uju 
Prioei or 7A 

A Bescdption of the Imperial Bacteriological Laboratov^^ Hwauu^ S Its wwk and Products, hy' 
MAJOR J. D* B. Holmes, m.a., d.sc., if.B.o.y.8. l^oe, As. 8 or Hindi and Urdu 
Editions, Rs« 2-4 each. 

Agriculture in India, by James Mackeexa, m.a., x.o. s. Price, As. 4 or 6d. 

Some Diseases of Cattle in India. A Handbook for Stock-owners. (Revised in 1927.) Price, Re,- 1-4 ' 
or 2s. ' 

Report on the Diseases of Silkwofms in India, by A. Pringle Jameson, d.sc. Price, Rs. 3. 

The Importance of Bacterial Action in Indigo Manufacture, by C. M. Hutchinson, b.a. Price, 
"" As. 2. 


Notice. 

All new publicationH are included in the above list and are regularly posted to all on the mail- 
ing list as soon as issui'd. I’nlcrtS complaints of non-receipt of any publication are received by the 
Manager, Government of India Central Publication Branch, Imperfal Secretariat Building, 3, Govern - 
ment Place, West, Calcutta, wiiliin six months of the date of issue, duplicate copies can bo supplied 
only on payment of cost and postage. 
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